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GENERAL INTRODUCTION 
Taiwan island features a rich and complex array of forested 
mountain ranges and lotie waters. The high-gradient mountain streams 
are generally known to be influenced by topographic and climatic 
factors and by human modifications of the environment. However, there 
is little detailed knowledge of these stream systems. Recently, 
concern about the endangered Taiwanese landlocked masu salmon 
iOncorhynchus masou formosanus) has promoted research attention to 
that species and its stream refugium in the upper Ta-chia River 
system (APPENDIX A). Following reservoir dam construction on the 
Upper Ta-chia River Watershed in the last two decades, much of the 
original forest was removed and the land converted to intensive 
agricultural croplands. As a result, the relict population of masu 
salmon has diminished rapidly and water quality degradation has 
become a concern (Chang and Wu 1986; Lin et al. 1988). The research 
reported in this dissertation contributes baseline ecological 
information on the upper Ta-chia River system which will have 
application to a masu salmon recovery program. 
Environments of Taiwan 
Geographic Characteristics 
Location and Size Taiwan island is located in the Pacific 
Ocean, crossing the latitudes 21°45* S to 25°56' N and longitude 
119°18' W to 124°34' E (China Yearbook 1980). It lies approximately 
150 km off the southeast coast of mainland China, 1118 km south of 
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Japan, and 320 km north of Luzon, northernmost of the major Philippine 
Islands (Hsieh 1964). The Island has 1,240 km of coastline. The 
eastern side features a rocky, steep coast and Is bounded by the 
Pacific Ocean, while the western side has a sandy, shallow coast 
bounded by Taiwan Strait, which has a mean depth about 100 m (Ho 
1975a,b; China Yearbook 1980). Taiwan's shape is somewhat banana­
like (long and narrow), with maximal length about 385 km in a north-
south longitudinal axis and maximal width about 140 km In a west-east 
axis (Ho 1975a,b). The island covers an area of about 35,960 km^ (Ho 
1975a,b), which Is about one-fourth of Iowa's area. 
Topography Taiwan, first known as ilha Formosa ("beautiful 
Island") by Portuguese explorers, includes an unusually complex array 
of natural environments within Its relatively small area owing to its 
topographic diversity. Land elevations range from sea level to 
approximately 4,000 meters. According to Hsieh (1964) and Republic 
of China (ROC) Water Resources Planning Commission (1977), steep 
mountain terrain (above 1,000 m In elevation) covers about 32% of the 
island; hills and terraced land (100 to 1,000 m) 31%, and alluvial 
plains (below 100 m) 37%. About two-thirds of the total land area 
consists of rugged mountains, of which more than 25 summits rise 
above 3,000 m along the Central Mountain Range (Ho 1975a,b). Most of 
the mountains are located In the eastern part of the Island, while 
the western portion is predominantly plains; but in general, the 
mountainous landform Is the dominant feature of the island. 
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Climate The controlling factors of Taiwan's climate are its 
geographic position, mountain arrangement, and surrounding ocean 
currents (Hsieh 1964). Taiwan straddles the Tropic of Cancer. At 
lower elevations, its climate is subtropic in the north and tropic in 
the south. In addition to its warm temperature, the area is 
characterized by abundant rainfall and strong winds (Hsieh 1964; ROC 
Water Resources Planning Commission 1977). The annual range of 
temperature varies with elevation as well as with latitude. The 
annual mean temperature throughout the island is above 21 C, with a 
recorded maximum temperature about 39 C and minimum about -8 C (Hsieh 
1964). The mean monthly temperature in winter is above 15 C except 
for mountain areas (China Yearbook 1980). Rainfall in Taiwan is 
abundant. The mean annual rainfall of the whole island is about 
2,400 to 2,500 mm, unevenly ranging from less than 1,500 mm along the 
western coast to more than 6,000 mm in the north (Hsieh 1964; ROC 
Water Resources Planning Commission 1977). The abundant rainfall 
results from monsoons, typhoons, and thunderstorms; the first two 
cross the island primarily from east to west. Typhoons bring strong 
winds and rainfall primarily during the period from July through 
September (ROC Water Resources Planning Commission 1977). The 
eastern coast generally has more rainfall than the western coast, and 
mountain slopes receive more rain than lowlands (Hsieh 1964). 
According to China Yearbook (1980), some windward mountain slopes may 
have rainfall of as much as 100 mm/day during the typhoon season. 
Thus, the arrangement of mountains controls local wind and rainfall 
conditions, and results in substantial temperature variation between 
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lowland and high mountain areas as well as western and eastern 
portions of the island. Additionally, the Kuro Siwo, or Japan 
Current, flows northward from Basal Strait and splits at the southern 
tip of the island. The two resulting currents ameliorate the climate 
of the eastern and western coasts respectively, contributing to a 
relatively low seasonal fluctuation in temperature (Hsieh 1964). 
River Systems 
Taiwan has more natural flowing waters (about 6,400 km) than 
standing waters, including 151 named rivers (ROC Water Resources 
Planning Commission 1977). The Central Mountain Range (Chungyang 
Shan) which forms the backbone ridge of Taiwan is the primary 
hydrographie divide between the western and eastern drainages (Ho 
1975a,b). The eastern rivers flow into the Pacific Ocean and the 
western ones into the Taiwan Strait, presenting a radial drainage 
pattern (Hsieh 1964). Streams or rivers originating from the Central 
Mountain Range are generally short and swift, except five rivers 
(Cho-shui R., Kao-ping R., Tan-shui R., Kao-ping R., Tseng-wen R., 
Ta-chia R.) that flow across the western plains (see APPENDIX C). 
According to Shih et al. (1987), two of the 19 principal rivers have 
mean elevations above 1,500 m: Li-wu River (1,748 m) and Ta-chia 
River (1,706 m). Overall, gradients of Taiwan's rivers are among the 
highest in the world. Additionally, owing to the strongly weathered 
condition of surficial mountain rocks and Intense rainfall, the 
island's rivers are notable for their great seasonal fluctuation of 
flow, and high sand content (ROC Water Resources Planning Commission 
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1977). 
Flow characteristics of Taiwan's rivers and streams are known 
from data collected from 112 long-term hydrometric stations 
established throughout the island by 1975. Since stream flow mainly 
results from rainfall, most occurs during the wet season from May 
through October (ROC Water Resources Planning Commission 1977). 
Local flooding regimes are primarily determined by the track of 
storms and the geomorphological features of the watersheds. During 
the early part of the wet season, rainfall is primarily associated 
with monsoons which track across the island from the northeast. A 
78-year (1897-1975) database on typhoons (APPENDIX B; ROC Water 
Resources Planning Commission 1977) indicates that they intrude 
Taiwan primarily during the months of July through September, and 
mainly on northern and southern Taiwan in a east-to-west direction. 
Subsequently, serious floods resulting from typhoons occur more in 
the northern and southern portions than in the central portion of 
Taiwan (ROC Water Resources Planning Commission 1977). 
Natural Biotic Resources 
Due to its geographic location and highly varied topography, 
Taiwan includes four major climatic zones: tropic, subtropical, 
temperate, and alpine. Because of this diversity of habitat, the 
island supports over 3,000 terrestrial and aquatic vertebrate species 
and subspecies. Many are endemic forms. 
With the rapid growth of Taiwan's industry and economy, natural 
resources have been heavily utilized, particularly in the western 
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portion of the island. This has resulted in significant deterioration 
of the natural environment. The Taiwan Nature"Conservation Strategy 
(ROC Ministry of Interior 1985) has described several major areas of 
concern about Taiwan's natural resources: (1) public health hazards 
and environmental (e.g., air, water, soil, and noise) pollution, (2) 
over-development of marginal lands, (3) conversion of prime farm land 
to other uses, (4) Illegal logging and overlogging. (5) lack of 
proper watershed management (e.g., dam construction), (6) Illegal 
hunting and trapping of wildlife, and (7) damages caused by the 
introduction of exotic species. Based on recent surveys, six fish, 
six amphibian, ten reptile, ten bird and eight mammal species have 
hsen described as "unique and rare" in The Taiwan Nature Conservation 
Strategy. 
These concerns have recently prompted the ROC Executive Yuan 
(the Cabinet) to emphysize on programs for the conservation and 
management of the natural resources of Taiwan. Among them, the 
protection and rehabilitation of the unique and endangered Taiwanese 
masu salmon {Oncorhynchus masou formosanus) in the upper 
Ta-chia River system has been a top priority. 
Background on Masu Salmon 
The Taiwanese masu salmon iOncorhynchus masou formosanus) is a 
landlocked form and is the southernmost natural salmon stock in the 
world (Tanaka 1965). It is thought to be a glacial relict which has 
survived In favorable habitat created by orogenic uplift of central 
Taiwan probably during mid- to late-Pleistocene (Kano 1940). In 
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historical time, it was distributed in at least six headwater streams 
of the upper Ta-chia River system, including Chi-cnia-wan, Hseuh-
shan, Veau-sheng, Nan-hu, Ho-huan and Sukairan streams (reviewed by 
Kyogi and Nakamura 1938). In recent decades, its distribution has 
become restricted owing to overharvest and environmental degradation 
associated with agricultural practices. It has recently been 
declared as a unique and rare fish species in Taiwan (ROC Ministry of 
Interior 1985) and afforded endangered status by the ROC government 
in 1984 (Chang and Wu 1986). Presently, a single population of 
approximately 200 (Yang et al. 1986) to 2,000 (Lin et al. 1988) 
individuals inhabits one reach of Chi-chia-wan Stream, less than 6 km 
in length. 
Previous work on the Taiwanese masu salmon primarily Involved its 
morphological description, evolutionary history, systematic status, 
and distributional range since it was first described by Jordan and 
Oshima (1919). A comprehensive review of these earlier studies and 
protection strategies for the stock was provided by Kyogi and Nakamura 
in 1938. Kano (1940) reported briefly on aspects of its habitat, 
noting that it occurred in an area of unusually favorable temperature 
and topography. Some information on the salmon's habitat, food 
habits, sex ratio, and spawning conditions were briefly summarized in 
Teng (1959). Recently, its systematic status was considered by 
Behnke et al. (1962) and by Watanabe and Lin (1985). 
In the 1970s, an effort was made to propagate the salmon at a 
hatchery established on a tributary of Chi-chia-wan Stream. Cheng 
and Yu (1976) reported some water quality information at the site. 
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Ultimately, this conservation effort proved unsuccessful and was 
abandoned. However, the rapidly declining prospects of the salmon 
prompted the ROC Council of Agriculture in 1986 to establish a 
comprehensive Masu Salmon Recovery Program (Chang and Wu 1986). 
Several projects associated with the program, supported by ROC 
Council of Agriculture, Resources Conservation Division, have been 
conducted since then. In 1985, a hatchery was constructed by ROC 
Council of Agriculture, just above site C for the purpose of 
propagating salmon based on the local stock (Chang and Wu 1986). 
After 3 years of trial culture operations (Yu et al. 1987), hatchery 
produced sub-adults (1.5 to 2 yr) were tagged and first introduced 
into Chi-chia-wan Stream (N = 200) and Hseuh-shan Stream (N = 50) in 
late March 1988. Research has been conducted on the salmon's habitat 
(Lin et al. 1988), insect food resources (Yang et al. 1986) and 
diseases (Hsu et al. 1987), and on pesticide residues in local stream 
water (Lee et al. 1987), and fishway planning (Chueh et al. 1987). 
Study Objectives 
The present research, concurrent with studies on the salmon's 
habitat by Lin et al., was designed to provide more comprehensive 
ecological information on the Ta-chia River refuge area and the 
fishes which associate with salmon there. Ecological information on 
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food resources and habitats utilized by the entire fish community is 
a critical need both for proper management of the refuge and for 
possible future efforts to re-establish the salmon elsewhere. 
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Moreover, since the salmon's distribution has become severely 
restricted in the last two decades, primarily because of dam 
construction and agricultural development, this study was 
additionally designed to evaluate the impacts of agricultural 
development on the entire stream ecosystem. Thus the study provides 
an historically- and environmentally-orientated analysis of 
the upper Ta-chia River system and its biotic communities. 
In brief, specific objectives of this study included: 
1. Characterizing the present environmental conditions of the upper 
Ta-chia River headwaters by quantifying their representative 
habitat structures spatially and temporally. 
2. Evaluating the impacts of recent agricultural development on the 
environmental quality and aquatic biota in the Upper Ta-chia 
River system. 
3. Describing the fish fauna and their distributional patterns in 
the upper Ta-chia River headwaters and environmental factors 
affecting their distribution and abundance. 
4. Comparing food resources currently utilized by two dominant 
fishes, Crossostoma lacustre (Cypriniformes: Homalopteridae) 
and Varicorhinus barbatulus (Cypriniformes: Cyprinidae) in the 
agriculturally-modified Yeau-sheng Stream. 
Explanation of Dissertation Format 
This research project was supported by the ROC Council of 
Agriculture and Iowa State University (ISU), under the direction of 
Wang's co-major professors Dr Bruce Menzel and Dr. Dennis 
Scarnecchia. The general design of the research was a product of 
Wang with the assistance of his Program of Study Committee and the 
ROC Council of Agriculture Masu Salmon Recovery Program Committee. 
All field and laboratory work were carried out by Wang in Taiwan with 
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assistance from National Taiwan Normal University Department of 
Biology and Institute of Biology faculty and students. All 
ecological data were analyzed and interpreted at ISU by Wang with 
assistance from his Program of Study Committee. The Committee 
members provided expertise as follows: Dr. Bruce W. Menzel, in 
aquatic ecology, community ecology and fish biology; Dr. Dennis L. 
Scarnecchia, fish population dynamics and salmon ecology; Dr. Paul N. 
Hinz, statistics; Dr. Gary J. Atchison, basic ecology and pollution 
ecology; Dr. Lawrence G. Mitchell, aquatic invertebrate ecology. 
This dissertation has been organized and written under the 
guidelines specified for the alternate thesis format (ISU Graduate 
College Thesis Manual) and consists of two sections. Section I 
discusses habitat characteristics and fish distribution in the upper 
Ta-chia River System, Taiwan. Section II describes food resource 
utilization of two benthic fish species in an agriculturally-modified 
mountain stream of that system. Each section is divided into 
Abstract, Introduction, Study Area, Materials and Methods, Results, 
Discussion, and Conclusions. Also, each section has its own figures, 
tables, and literature cited. Figures Included within the text are 
on separate pages. Literature is cited basically in the format of 
the CBE Style Manual (Council of Biology Editors 1972). 
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SECTION I. HABITAT CHARACTERISTICS AND FISH DISTRIBUTION 
IN THE UPPER TA-CHIA RIVER SYSTEM, TAIWAN 
I 
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Habitat characteristics and fish distribution 
in the upper Ta-chia River system, Taiwan 
Ching-ming James Wang 
From the Department of Animal Ecology, Iowa State University, 
Ames, Iowa 50011 
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ABSTRACT 
An environmental and biological survey.was conducted from 
January 1987 to June 1988 in headwater streams of the upper 
Ta-chia River in mountainous central Taiwan. Seasonal rainfall was 
characterized by spring monsoonal rain and typhoon-induced late 
summer rain. After heavy rains, stream flows quickly became 
torrential and major changes of stream physical structure occurred. 
Compared to natural stream areas, agriculturally-impacted reaches had 
greater discharge fluctuation, warmer temperatures, higher turbidity, 
increased nutrient loading and reduced bedform diversity because of 
channelization-, removal of riparian vegetation, and application o' 
agricultural chemicals. 
Nineteen forms of attached algae occurred in the study streams. 
Some (e.g., Nostoc verrucosum and Prasiola Japonica) seemed to be 
temperature-limited coldwater species occurring mainly within natural 
stream reaches while others (e.g., Cladophora spp.) are 
eutrophication indicators and occurred abundantly at agriculturally-
impacted sites. Four fish species presently occur in the system: 
Taiwanese masu salmon, or Formosan landlocked salmon (Oncorhynchus 
masou formosanus), kooye minnow {Varicorhinus barbatulus), Taiwanese 
tasseled-mouth loach (.Crossostoma lacustre), and stream goby 
(.Rhinogobius brunneus). The fish survey confirmed that salmon are 
now excluded from two formerly-occupied streams (Yeau-sheng and 
Sukairan streams) but that they still occur in lower reaches of 
Hseuh-shan and Chi-chia-wan streams. This is by far the highest 
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altitude (1,720 m) record for the goby in Taiwan. 
From general observations, the salmon's principal habitat 
associations include; cold water, extended pools, cover provided by 
dams and pools, and abundant insects. The minnow is a habitat 
generalist; its population distribution is broad but the species 
prefers cold to cool temperature, undercut bank and boulder cover, 
and nutrient-rich pools or riffles with abundant algae and detritus. 
The loach is a habitat specialist, being limited to areas of cool to 
warm temperature and nutrient-enriched rapids with abundant algae and 
detritus. Gobies were found in a small area of enriched fast-flowing 
water primarily amidst cobble and boulder substrates. 
Minnow and loach were the dominant species in the stream system. 
Multivariate analyses relating minnow abundance to habitat variables 
produced weak correlations: = 0.24 for minnow density (no./lOO 
m^) and = 0.26 for standing crop (g/100 m^). Associations of 
loach abundance with habitat features were stronger: R^ = 0.70 for 
density and 0.57 for standing crop. Principal habitat associations 
were boulder for the minnow and boulder plus velocity for the loach. 
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INTRODUCTION 
The occurrence of a rellctual landlocked stock of masu salmon 
(Oncorhynchus masou formosanus) in a limited area of mountainous 
central Taiwan has attracted the attention of zoogeographers and 
systematists for some time (e.g., Jordan and Oshima 1919; Behnke et 
al. 1962; Watanabe and Lin 1985). The stock originally occurred in 
about six streams of the upper Ta-chia River system (APPENDIX A). 
During the past half-century, its range and abundance have decreased 
because of overexploitation and habitat alteration. Concern for the 
salmon's continuing survival has prompted a conservation effort by 
the Republic of China (ROC) Council of Agriculture. The salmon has 
been declared an endangered species in Taiwan, and a recovery team 
has been charged with developing and implementing a plan for its 
preservation and restoration to former levels of abundance (ROC 
Ministry of Interior 1985; Chang and Wu 1986). Activities to date 
have included prohibition of salmon harvest, initiation of an 
artificial propagation program (Yu et al. 1985, 1986, 1987) and some 
biological research. The latter has involved an evaluation of the 
salmon's remaining habitat (Lin et al. 1988) and a survey of aquatic 
insect food resources (Yang et al. 1986; Huang 1987). 
Development of the recovery plan requires better understanding 
of the causative factors of the salmon's decline and of its 
ecological interrelationships with physical, chemical and biotic 
elements of its environment. As a contribution to that effort, the 
present study had several objectives: 
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(1) to provide a historical analysis of recent environmental change 
in the upper Ta-chia River system, 
(2) to compare existing environmental differences between natural and 
altered streams of the system, 
(3) to describe biotic community structures of the streams, with 
emphasis on fish, and 
(4) to identify major habitat attributes influencing the distribution 
and abundance of the fish species. 
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STUDY AREA AND STREAMS 
The general study region (24°19'to 24°24'N, 121°15' to 121°22'E) 
is located in Taichung Hsien (County), in the central part of the 
main island of Taiwan (Formosa). This region is known as Upper 
Ta-chia River Watershed or Upper Te-chi Reservoir Watershed (APPENDIX 
A). 
The Upper Ta-chia River Watershed is mountainous, with 
elevations above 1,400 m (ROC Council of Agriculture 1984). The 
history of its geomorphological development was described by Te-chi 
Reservoir Management Committee (1983). The mountains were glaciated, 
probably in late Pleistocene (Kano 1940). The watershed's 
lithosphere is a combination of Tertiary and Oligocene argil lite, 
slate and quartzite as well as Eocene slate (ROC Central Geological 
Survey 1974; Ho 1975a,b). Since slate is the major component of the 
local bedrock and is fragile, landslides frequently occur, 
particularly during the periods of heavy rain. The stream beds 
contain an abundance of large rocks, primarily deposited by 
weathering of sandstone and slate. Land in this region is in Kano's 
(1940) "Lower Temperate Zone" of 1,500-2,100 m in altitude, and 
mostly vegetated by warm-temperate montane forest communities 
dominated by Pseudotsuga wiTsoni-Plnus taiwanesis Association or 
Pinus taiwanensis-Quercus variablls Association (Liu 1971). In the 
past quarter-century some areas have been used intensively for apple 
and pear orchards. More recently, vegetable crops have also been 
produced. 
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The specific study area, Wu-ling Farm Watershed (24°2i'n, 
121°18 E), has elevations ranging from 1,720 to 2,100 m (Fig. 1). At 
these elevations annual air temperatures average 13 to 15 C. Local 
air temperature extremes have been historically recorded as high as 
29 C and as low as -8 C. Thô watershed receives an annual average of 
1,000 to 1,500 mm of precipitation, mostly as rain with great 
variation between seasons (Wu-ling Farm 1988). In general, the rainy 
season starts in May and extends through September with a reasonably 
predictable typhoon occurring in summer or fall. Snowfall is 
occasional, usually moderate in amount and of short duration, and 
causes little extra runoff into streams. 
In addition to the main channel of the Ta-chia River, four major 
streams within the Wu-ling Farm Watershed served as study streams: 
Chi-chia-wan, Hseuh-shan, Yeau-sheng and Sukairan streams. All of 
the streams are perennial and have sand-retention dams built to 
reduce sedimentation in the downstream Te-chi Reservoir. Four dams 
exist in the lower reach of Hseuh-shan Stream, five in the upper 
reach of Chi-chia-wan Stream, and one in the lower reach of 
Yeau-sheng Stream. These dams have been built since the 1960s and 
range in height from 4.3 to 10 m. A significant portion of the 
Wu-ling Farm Watershed has been developed for agriculture. 
Fertilizers and pesticides are used extensively in croplands during 
the growing season of March to October (Te-chi Reservoir Management 
Committee 1983; Lee et al. 1987). 
19 
Five study sites were located among the lower reaches of the 
three tributary streams and the main channel of Ta-chia River. They 
were located below dams on each stream. Except that the endpoint 
reach of Hseuh-shan Stream has a 1-m high natural dam formed by 
boulders, no other intervening natural or artificial barriers existed 
between sites (Fig. 1). 
Hseuh-shan Stream drains the 3,884 m Hseuh Mountain (Tsugitaka 
Mt.) Watershed. It is 10.6 km long with a mean gradient of 140 m/km 
and a basin area of 40 km^. Its dissolved oxygen content is greater 
than 7 mg/L, pH values range from 7.0 to 8.5 and hardness from 73 to 
109 mg/L CaCOg (Te-chi Reservoir Management Committee 1983; Lin et 
al. 1988). This stream basin has no agricultural development and no 
non-point or point sources of pollution. In addition, it is 
relatively inaccessible with no local disturbances from roads, 
livestock or human refuse. The stream has extensive mature riparian 
forest and clear, odorless water. It served as a natural stream in 
this study. The study site (designated H) was located in the lower 
reach (Fig. 1). 
Chi-chlarwan Stream drains from three mountains: Tao Shan 
(3,324 m), Chih-yu Shan (3,301 m), and Ping-tien Shan (3,536 m). 
This stream is 15.3 km in length with a mean gradient of 130 m/km and 
a basin area of 76 km^* Its dissolved oxygen content is greater than 
7 mg/L, pH values range from 7.0 to 8.3 and hardness from 62 to 169 
mg/L CaCOg (Te-chi Reservoir Management Committee 1983; Lin et al. 
1988). This stream also has clear and odorless water and is bordered 
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FIGURE 1. Hap of upper Ta-ch1a River system^ showing study area; 
ecological study sites (H, C, chc, Tcy, Y; rectangles); 
fish survey locations—fish trapping (rectangles); 
t '  
electroflshlng (solid circles plus rectangles); 
angling (triangles); visual observation (open circles) 
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primarily for apple and pear orchards since the 1960s. On the 
average, there Is a minimum 10 to 20 m riparian buffer zone between 
orchard and stream. This stream Is regarded as a moderately 
agrlcuHurany-lnfluenced stream. Study site C was located in its 
middle reach and site Che was in the lower reach (Fig. 1). 
Yeau-sheng Stream originates from a high valley (2,500 m) of a 
neighboring mountain called Lo-yeh-wei Shan (2,715 m). Formerly it 
drained a larger area, but was captured by a tributary of Lan-yang 
Stream. This history is evidenced by the present stream basin which 
includes an unusually wide valley relative to the narrow channel and 
relatively small annual discharge (Te-chi Reservoir Management 
Committee 1983). Presently, the stream is 11.4 km long with a mean 
gradient of 68 m/km and a basin area of 31 km^. Its dissolved oxygen 
content is greater than 7 mg/L, pH values range from 7.3 to 8.5 and 
hardness from 119 to 163 mg/L CaCOg (Te-chi Reservoir Management 
Committee 1983; Lin et al. 1988). Since the 1970s, the middle reach 
of this stream (ca. 3 km) has been used intensively for vegetable 
production. There, the stream has been channelized and Its riparian 
canopy has been almost entirely removed. In late 1986, it was 
rechannelized due to a typhoon's catastrophic destruction. 
Additionally, in 1987 the lower reach was altered by dumping of sand 
and rock into it from neighboring road enlargement construction. The 
stream is relatively turbid and sometimes presents varying odors. It 
served as a highly agricultura 11 y-Influenced stream. Study site Y on 
the stream was located in its lower reach (Fig. 1). 
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The main channel of Ta-ch1a River Is formed from the junction of 
Chi-chia-wan Stream and Yeau-sheng Stream. This reach of Ta-chia 
River, along with site Che of Chi-chia-wan Stream, served as a mixing 
zone for the study of agricultural Impacts on stream water quality. 
Study site Tcy was located just below the junction of the two 
tributary streams. 
Sukairan Stream drains from two mountains: Ta-chien Shan (3,594 
m) and Chlh-chia-yang Shan (3,289 m). This stream is 10.6 km in 
length with a mean gradient of 143 m/km and a basin area of 76 km^ 
(Fig. 1). Its dissolved oxygen content is greater than 7 mg/L, pH 
values range from 7.0 to 8.3 and hardness from 62 to 169 mg/L CaCOg 
(Te-chi Reservoir Management Committee 1983; Lin et al. 1988). 
Before the 1960s, it contained a large population of masu salmon 
(Kyogi and Nakamura 1938; Kano 1940; Behnke et al. 1962). 
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MATERIALS AND METHODS 
Physical Habitat Analyses 
Sampling Design 
Two sampling approaches were applied In this study to analyze 
spatial and temporal variability of habitat features. For analysis 
of the more labile habitat variables (e.g., water quality and water 
flow characteristics), a simple completely randomized statistical 
design was applied. Over a 12-month period (April 1987 to March 
1988), habitat features were measured biweekly, and data were 
analyzed as monthly, seasonal or annual averages. For analysis of 
the more stable habitat variables (e.g., overhanging canopy and 
substrate type), a completely randomized statistical design was used 
with repeated measures of ten transects within each study site made 
over each of the four seasons. 
The five study sites (primary sampling units: H, C, Y, Che, 
Tcy) were each 100 m long and equally divided into ten 10-m 
longitudinal areas. Each of these secondary sampling units within a 
site, 10 m in length, was further divided into a number of cells 
(sampling points or subsamples) for measuring stream habitat 
variables. The sampling points were established along stream cross-
sectional transects at 1-m intervals. Thus, the number of sampling 
points varied from 3 to 20 per transect, depending on stream width. 
All established transects were permanently marked on the streambanks. 
Overhanging canopy cover and substrate composition were measured 
along the ten transects in each study site in May, August and 
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November 1987, and In February 1988. The biweekly sampling scheme 
for measuring stream width, depth, and current precluded use of all 
ten site transacts because of time constraints. Therefore, a pilot 
study was performed at each site in order to select three 
representative transects for measuring these variables. Transect 
selection was based on accessibility during flood conditions, 
proximity of the trial data to mean values at a site, and seasonal 
stability of habitat features. Mean parameter values for each 
transect were calculated from data taken for all sampling points; 
mean values of habitat variables for each site were obtained by 
pooling transect averages. 
Coefficients of variation (CV = standard deviation/mean) were 
calculated to provide indices of temporal variation for each of the 
characteristics of water flow characteristics, water quality, and 
physical habitat for each site. 
Sampling Methods 
Daily precipitation and air temperature data for the five study 
sites were obtained from a weather station operated by Wu-ling Farm. 
The total monthly precipitation and mean monthly air temperature were 
calculated from daily records. 
Stream width was measured to the nearest 0.1 m at the water 
surface level. Stream depth (to the nearest 0.1 m) and current 
velocity were measured at 1 m Intervals along each transect. Mean 
water column velocity (m/sec) for each sampling point was measured at 
60% of the depth with a Hydro-Bio Kiel digital flow meter. Stream 
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discharge (m^/sec) was computed from width, depth and velocity data 
based on the method described by Armour et al. (1983). For each 
study site, the substrate composition was estimated along the ten 
transects according to the surface visual method described by Platts 
et al. (1983). Six categories of substrate sizes were used, modified 
from Bain et al. (1985): (1) fine sediment (< 2 mm; e.g., sand, 
detritus), (2) gravel (2 to 16 mm), (3) pebble (17 to 64 mm), (4) 
cobble (65 to 256 mm), (5) small boulder (257 to 512 mm), and (6) 
larger boulder (> 512 mm). The overhanging canopy density, in 
percentage, was measured with a Lemmon convex spherical densiometer 
(model A) according to the method described by Platts et al. (1987). 
Water Quality Analyses 
Biweekly water quality and stream discharge measurements were 
taken for all sites on the same sampling day between 1500 h and 1800 
h. Water temperature was recorded by maximum-minimum thermometers for 
each 2-week period. Because of frequent flooding, thermometers were 
placed inside steel-mesh cages filled with gravel and anchored with a 
rope to the stream bank. Water conductivity (urnhos/cm or us/cm) was 
measured on site with a portable Jenway conductivity meter (model 
4070). All water samples used in chemical analyses were taken from a 
fixed sampling point in each study site. Samples taken to the field 
laboratory were analyzed within three hours after sampling. Turbidity 
(NTU) was measured with a Hach turbidimeter (model 2100A), nitrate 
(NO3-N mg/L) and dissolved phosphate (PO4-P mg/L) with a Hach water 
chemistry analyzer (model DR/3). Mean monthly water quality values 
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were calculated by averaging two biweekly water sample measurements; 
mean annual values were calculated by averaging all 24 biweekly 
measurements. 
To aid In Interpretation of water quality measures for lower 
Yeau-sheng Stream, additional water testing was done at a number of 
midstream locations on February 1, 1988, during base-flow conditions. 
At each of four localities, water samples were collected from the 
straightened main channel and from a nearby unmodified tributary 
stream. 
Algae Sampling 
An algae survey was conducted from March 1987 to April 1988 
at the five primary study sites. Preliminary water samples showed 
that no planktonic algae occur In these headwater streams. Attempts 
to quantify growth of attached algae and other perlphyton failed 
because the samplers were frequently washed away. Subsequently, a 
qualitative approach was used. Attached algae were collected monthly 
by a toothbrush or by hand from all kinds of stream substrates at 
the study sites. Most samples were preserved In 4% formalin in the 
field, but some were put on moist towel paper 1n a plastic box to 
keep them alive. The living algae were maintained In the laboratory 
to observe their different life stages. Some algal samples of the 
Yeau-sheng Stream were also obtained from the stomach contents of 
resident fishes. All samples were Identified to the lowest taxon 
possible with the assistance of dissecting and compound microscopes. 
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Fish Sampling 
Fish faunas were Inventoried from March 1987 to April 1988 along 
the lengths of Chi-chla-wan, Hseuh-shan, Yeau-sheng, and Sukalran 
streams, as well as In the main channel of Ta-ch1a River. The 
sampling was done primarily when streams had base flows. A Coffelt 
backpack electroflsher (75 to 250 volt, dc) was the principal 
sampling gear, but fish traps, hook and line, minnow seine, and 
visual observation were also applied to obtain comprehensive fish 
faunal Information for a variety of stream habitat conditions. 
Elevations where fishes were found were recorded with an altimeter. 
The habitat where fish were collected or observed was identified 
according to three habitat units: pool, riffle, and run as defined 
by Platts et al. (1983). Pool quality, and existing or potential 
refuge area was also evaluated according to Platts et al. (1983). 
For estimating species population numbers, each study site was 
isolated by block nets set in the upper and lower ends. The fish 
were then sampled by three-pass electrofishing, and population sizes 
(N) were estimated by the removal method (Zippin 1958). 
Additionally, relative population was estimated by catch per unit 
hour of sampling effort (CPUH), and described as relative fish 
density in number per 100 m length of stream reach. 
A detailed habitat analysis was done in the lower reaches of 
Yeau-sheng Stream. Fish abundance measures were derived from 
depletion electrofishing in each of 61 sampling sites in July and 
August 1987. Each sampling site was 5 m in length and was basically 
homogeneous with respect to major habitat units (pool, riffle, run). 
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Immediately after fish collecting was completed, three cross-
sectional transects (i.e., replicates) within each site were measured 
for habitat variables of canopy cover, water width, depth and 
velocity, and substrate composition. Associations of minnow and 
loach abundance with measured habitat variables were determined by 
simple correlation and multiple regression procedures. 
Statistical Analyses 
Habitat data were analyzed statistically using a two-way 
Analysis of Variance (ANOVA) classification for testing spatial and 
temporal effects and their interactions. Further contrast was made 
for site means by the Least Significant Difference (LSD) test if 
their ANOVA significance levels were greater than 0.05. Temporal 
fluctuation of habitat variables between stream sites was measured by 
the coefficient of variation. CV was calculated by using all 
biweekly measurements (N = 24) over a calendar year to obtain the 
standard deviation for biweekly water quality and water flow data, 
and by using season*transect interaction (df = 27) for the seasonal 
canopy and substrate data. Stream nutrient loads were compared 
between growing and fallow seasons by a two-way ANOVA contrast method 
and the LSD mean separation procedure. The relationship between 
habitat variables of a given stream site was measured by Pearson 
product-moment correlation. For all analyses, a probability value of 
less than 0.05 was considered statistically significant. The 
convention of using symbols to denote significance level is followed 
here: + = 0.10, * = 0.05, »* = 0.01. Probability values less than 
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0.10 are indicated as ns. A11 statistical tests were calculated with 




In general, results of environmental analyses showed that the 
wet/growing season (March to October) and dry/fallow season (November 
to February) represented two temporal extremes and that sites H and Y 
typically represented two spatial extremes, with other sites being 
intermediate or representing mixing zones. 
Water Flow Characteristics 
During the 1987-1988 study period, greatest discharge occurred 
at times of heavy rainfall, which was a typical precipitation 
pattern, as measured over eight of the last 10 years (Figs. 2, 3). 
The strongly seasonal pattern of runoff was confirmed by ANOVA (Table 
1 ) .  
Among the five stream reaches, mean annual discharges ranged 
from 1.17 to 6.25 m^/sec (Table 2). Yeau-sheng and Hseuh-shan 
streams were not significantly different from each other in discharge 
but were of significantly lesser discharge than the Ta-chia River 
(Table 2, Fig. 3). Site differences in flow velocities reflect 
differences in gradient, channel morphology and discharge volume. 
Highest velocities generally occurred in the larger streams. 
In addition to these spatial and temporal influences on 
discharge, a significant spatial«temporal interaction relative to 
stream discharge was found (Table 1). This implies that temporal 
variations in discharge differed among the five stream reaches 
despite their geographical proximity. The pattern of site 
differences is shown by maximum/minimum discharge ratios and 
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A. 1977-1988 MONTHLY RAINFALL 
(x 1,000 mm) 
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FIGURE 2. - 1977-1988 Monthly rainfall at Wu-ling Farm 
Watershed, excluding 1982-1983. 






FIGURE 3. Biweekly stream discharge at five study sites 
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Table 1. ANOVA results for spatial and temporal factors related to 
stream water flow 
SOURCES* df 1 
Mean Square Values 
Discharge Width Depth Velocity 
SPATIAL 4 
111.6** 676.92** 0.192** SITE 4 0.327** 
TEMPORAL 23 
MONTH 11 30.0"® 4.01+ 0.058* 0.294+ 
SEASON 
135.2** 24.49** 0.344** Dry vs. Wet (1) 1.292"® 
Month(Season) (10) 19.5 1.96 0.029 0.914 
Biweek(Month) 12 14.2 1.78 0.020 0.119 
SPATIAL*TEMPORAL 92 
3.03** SITE*MONTH 44 3.0* 0.002"S 0.009ns 
SITE*SEASON (4) 11.7** 19.34** 0.007** 0.005*3 
S1te*Month(Season) (40) 2.2 1.40 0.0015 0.0094 
S1te*Bi week(Season) 48 1.7 0.25 0.0019 0.0096 
CORRECTED TOTAL 119 
*SITE was tested by error term Site*B1week(Season): 
MONTH by Biweek(Month): SEASON by Month(Season): 
SITE*MONTH by Site*B1week(Season): SITE*SEASON by S1te*Month(Season). 
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Table 2. Mean annual water flow characteristics of five study stream 
sites from March 1987 to April 1988. Column means sharing 
the same superscript character are not significantly 
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LSD 1.18 0.43 0.04 0.10 
^Discharge ratio = maximal discharge/minimal discharge. 
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discharge CV data in Table 2. Clearly, channelized Yeau-sheng Stream 
had the greatest annual discharge fluctuation while unchannelized 
Hseuh-shan Stream was the most stable in this characteristic. 
Between these two sites, there was approximately a 2-fold difference 
in discharge fluctuation. Discharge variation was similar at the 
other three sites and slightly greater than in Hseuh-shan Stream. 
Water Quality Characteristics 
Overall, there were significant site differences for all five 
measured water quality variables while temporal differences varied 
with water quality variables or interacted with the spatial factor 
(Table 3). 
Among the five measured water quality variables, water 
temperature generally displayed the strongest pattern of spatial and 
temporal variation in 1987-1988 (Table 3). The mean annual 
temperature at site H (11.8 C) was significantly lower than that at 
other sites, while water temperature at site Y was significantly 
higher (14.9 C) than at others (Table 4). The two mixing zone sites 
(Che, Tcy) were Intermediate in temperature between their 
contributing waters (Fig. 4A). During the study period, the lowest 
recorded water temperature (5.5 C) was at site H in December 1987 
(Fig. 4B) and the highest (21.5 C) was at site Y in summer (June 
through August) 1988 (Fig. 4F). The main channel reaches (sites C, 
Che and Tcy) had relatively low site-specific fluctuation (CV = 14 to 
15%), while small stream sites H and Y had slightly higher 
fluctuation (CV = 17 to 19%; Table 4). 
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Table 3. ANOVA results for spatial and temporal factors related 
to stream water quality 
SOURCES* df 
Mean Square Values 
Temp. Cond. Turb. NO3-N D.PO4-P 
SPATIAL 4 
SITE 4 32.9** 158** 165** 11.99** 0.0046** 
TEMPORAL 23 
34.2** MONTH 11 1260"® 75"® 0.59"® 0.0050"® 
SEASON 
257.7** 4735** 3.56** Dry vs. Wet (1) 181* 0.0125"® 
Month(Season) (10) 21.2 910 65 0.29 0.0043 
Biweek(Month) 12 1.3 653 69 0.28 0.0045 
SPATIAL*TEMPORAL 92 
630** 25 "S 0.26** SITE*MONTH 44 0.45"® 0.0008"® 
SITE*SEASON (4) 1.55** 3050** 56"® 0.62* 0.0012"® 
Site*Month(Season) (40) 0.34 389 22 0.23 0.0010 
Site*Biweek(Season) 48 0.308 117 27 0.09 0.00068 
CORRECTED TOTAL 119 
®SITE was tested by error term Site*BiweekfSeason): 
MONTH by Biweek(Month): SEASON by Month(Season): 
SITE^MONTH by Site*Biweek(Season): SITE*SEASON by Site*Month(Season). 
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Table 4. Mean annual water quality values of five study stream sites 
during March 1987 to April 1988. Column means sharing the 
same superscript character are not significantly different 
by the LSD test 
Water temp. Cond. Turb. NOo-N D.PO^_P 
(C) (us/cm) (NTU) (mg/L) (mg/L) 
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LSD 0.4 9 3.4 0.21 0.02 
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WATER TEMPERATURE 
A. MEAN TEMPERATURE (C) 
19 T 
7 " I. t « I I I I • I I I I I I I I I I I I I I 
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MONTH/1987-1988 
FIGURE 4. Biweekly water temperature at five study sites: 
A. Mean water temperature at all sites. B. Site H. 
C. Site C. D. Site Che. E. Site Toy. F. Site Y 
t 
SITE Y 
FIGURE 4 (Continued) 
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A strong pattern of temporal and spatial differences also 
existed for water conductivity (Table 3). As illustrated in Fig. 5, 
the conductivity at sites Y and Tcy was generally higher in the wet 
season than in the dry, while at sites H, C and Che the opposite 
pattern prevailed. Significant differences in mean annual 
conductivity existed between all sites, and in a pattern like that 
recorded for annual mean temperature, i.e., sites H and Y represented 
extremes, and the other sites were intermediate (Table 4; Fig. 5). 
Annual conductivity fluctuation (CV) for all streams was between 7% 
and 12%. 
All stream reaches had significantly higher turbidity in the 
rainy season than in the dry season (Table 3). The lack of 
significant spatial«temporal interaction in ANOVA indicates a common 
turbidity varied greatly between them (Table 4; Fig.6). 
Site Y had significantly higher turbidity than did the other 
sites which were statistically indistinguishable from each other. In 
particular, site Y carried extremely turbid water during the rainy 
pattern of temporal variation among sites, although the magnitude of 
season while water at sites H, C, Che had consistently low turbidity 
levels at all times, and site Tcy exhibited levels expected for a 
mixing zone. A maximal turbidity value of 46 NTU was recorded at site 
Y during the flood period in early July (Fig. 6). CV values (Table 4) 
showed that annual turbidity fluctuation for all streams was between 
78% and 196%. Turbidity at sites Y and Tcy generally varied more 
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FIGURE 6. Biweekly water turbidity at five study sites 
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Seasonal and spatial distinctions existed for NO3-N in waters of 
Wu-ling Farm Watershed (Table 3). Mean n1trate-N values were greater 
in the growing season than in the fallow season in a site-specific 
pattern (Table 5; Fig. 7). Mean annual NO3-N concentrations ranged 
from 0.46 mg/L at site H to 2.28 mg/L at site Y. Annual means 
differed significantly between all sites, except for sites C and Che. 
The magnitude of variation measured throughout the year was similar 
between sites (Table 4). 
Measured of dissolved phosphate failed to show significant 
seasonal differences (Table 3), although growing season PO4-P values 
were slightly higher than fallow season values at all sites (Table 5; 
Fig. 8). Likewise, overall spatial«temporal interaction in PO4-P 
concentration was non-significant (Table 3). Mean annual phosphate 
concentration at the study sites ranged from 0.07 mg/L at threa sites 
to 0.10 mg/L at site Y. By the LSD test, there were no indicated 
significant differences in mean annual PO4-P concentration between 
sites H, C, Che, and Tcy, but concentrations at site Y were 
significantly greater then those of all sites except Tcy (Table 4). 
Similarly, the seasonal contrast was significant only at site Y 
(Table 5). Although CV values varied little between sites 
(41% to 53%), both PO4-P and NO3-N CV values were lowest at site Che. 
In Yeau-sheng Stream, the February 1,1988, tributary samples 
were significantly greater in conductivity and significantly lower in 
nitrate than the main channel samples but phosphate concentrations 
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FIGURE 8. Biweekly dissolved phosphate Concentration at five 
study sites 
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Table 5. Mean annual and seasonal nitrate (NO3-N mg/L) and dissolved 
phosphate (PO4-P mg/L) concentrations at five study stream 
sites. Column means sharing the same superscript character 
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®Fallow season (November to February), growing season (March to 
October). 
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Table 6. Comparative concentrations of water conductivity and 
nutrients in the agriculturally-modified main channel 
and natural tributary channels of Yeau-sheng Stream on 
February 1, 1988. For each variable, underscored means 
are not significantly different by the LSD test 
Conductivity N03-N D. P04-P 
( unhos/cm) (mg/L) (mg/L) 
Site Main* Sideb Main Side Main Side 
1 205 430 2.0 0.4 0.03 0.03 
2 250 370 1.9 0.4 0.04 0.03 
3 333 459 2.0 0.6 0.04 0.04 
4 328 530 2.0 0.6 0.07 0.04 
MEAN 279 < 447 2.0 > 0.5 0.05 0.04 
(LSD) (111) (0.2) (0.02) 
^ain channel sites have been straightened and are surrounded 
by row-crop agricultural land-use. 
^Tributaries have no direct agricultural modification. 
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hand, both nitrate and phosphate concentrations In side channel 
waters were similar to those measured in unmodified Hseuh-shan Stream 
in the dry season (see Table 5). 
Water Quality Intercorrelatlons 
Discharge levels may be expected to Influence some of the 
measured water quality variables or at least show statistical 
associations with them. The results of Pearson Correlation Analysis 
(Table 7) showed that stream discharge at all sites was significantly 
related to mean water temperature except at site Y. Similarly, 
turbidity varied directly according to stream discharge everywhere. 
Conductivity varied inversely with stream discharge everywhere, and 
significantly so at sites H, C, and Che. At the other two sites, 
conductivity was high year-around (Fig. 5). NO3-N concentration 
Increased significantly with stream discharge only at sites Y and 
Tcy, above which the watersheds are modified by agriculture (Table 
7). In contrast, a significant correlation between PO4-P 
concentration and stream discharge was only found at site H. 
In the Wu-I1ng Farm Watershed, conductivity decreased 
significantly with both discharge and turbidity at sites Che and C, 
and with NO3-N at sites H and Tcy. In contrast, conductivity was 
positively correlated with NO3-N at site Y. No significant 
correlations existed between conductivity and PO4-P (Tables 7, 8). 
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Table 7. Correlations of discharge (Pearson correlation coefficients) 
with selected water quality parameters for the five study 
sites (N = 24) 
Temp. Turb. Cond. NO3-N D.PO4-P Stream 
Site (C) (NTU) (us/cm) (mg/L) (mg/L) condition 
H 0.64** 0. 53** -0. 76** 0.29"® 0. 46* Natural 
C 0.60** 0. 71** -0. 71** 0.19"® 0. 01"® Moderately Influenced 
Che 0.61** 0. 58** -0. 70** 0.07"® 0. 14"® Mix of C & H 
Tcy 0.60** 0. 71** -0. 06"S 0.55** 0. 35+ Mix of C & Y 
Y 0.22*3 0. 49* -0. 06"® 0.43* 0. 31"® Highly influenced 
Table 8. Correlations of conductivity (Pearson correlation 
coefficients) with turbidity, nitrate, and phosphate for 
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Physical Habitat Structures 
Overhanging Canopy Cover 
Site differences in overhanging cover were highly significant 
(Table 9). Within sites, there was no significant season-to-season 
variation, but the significant sit8*season interaction suggests that 
canopy cover varied seasonally between sites (Fig. 9). 
Among the five stream reaches, site Y had the greatest canopy 
cover (83%) although upstream of that locality, riparian vegetation 
was completely removed along a 3 km reach. Site H also had extensive 
canopy cover (78%), and the area appeared representative of cover 
conditions throughout Hseuh-shan Stream. The LSD test revealed that 
canopy cover at sites Y and H was not significantly different (Table 
10; Fig. 9). Likewise, no significant differences existed between 
sites C and Che In Chi-chia-wan Stream; however, their canopy covers 
were significantly lower than those at sites H and Y (Fig. 9). Site 
Tcy, of greatest stream width, had the lowest canopy cover (25%). 
Site Tcy also had relatively higher seasonal fluctuation in canopy 
cover (CV = 36%) than did the others (Table 10). 
Substrate Composition 
The stream bed at all study sites consisted mostly of larger-
sized substrates (cobble and boulder), mixed with pebbles, gravel, and 
sand (Fig. 10). Except for the cobble and large boulder categories, 
there were no overall between-site substrate differences by ANOVA 
(Tables 10, 11). Also there were no seasonal differences In 
substrate features. These results are probably attributable to 
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Table 9. ANOVA results for spatial and temporal factors related to 
stream overhanging canopy cover (%) 























CORRECTED TOTAL 189 r^ = 0.88 
*SITE was tested by error term Transect(Site): 
SEASON and SEASON*SITE by Season*Transect(Site). 
^A conservative degrees of freedom was applied to test season 
and season*s1te effects for a repeated measures experimental design. 
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FIGURE 9. Seasonal overhanging canopy cover at five study sites 
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Table 10. Mean annual canopy cover (%) and substrate composition (%) 
of five study stream sites. Column means sharing the 
same superscript character are not significantly different 
by the LSD test 
Cover (X) Substrate composition (%) 
Site N® 





















































































LSD 9 12.1 13.8 
®Total transects. 
^Sand, Gravel, and Pebble categories were not tested by LSD 
because their overall effects were not significant. 
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STREAM SUBSTRATE COMPOSITION 
site Y 















Site Y 6.6 5.7 22.6 38.3 14.3 12.5 
Site Tcy 3.5 3 19.8 52.6 7.2 14.2 
Site Che 4.7 11 14.2 31.4 11.9 27.1 
Site G 1.6 4.3 11,1 36.7 16 30.2 
Site H 0.6 5 9.6 41.4 11.6 32 
Sit# H 
SUBSTRATE TYPE 
FIGURE 10. Seasonal stream substrate composition at five study 
sites 
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Table 11. ANOVA results for spatial and temporal factors related to 
stream and substrate composition (%) 
Mean Square Values 

















SEASON 3 (1) 76ns 22"® 718"® 1162"® 180"® 719"® 
SPATIAL*TEMPORAL 
SEASON*SITE 12 (4) 













CORRECTED TOTAL 184 
r2 = 0.62 0.71 0.73 0.67 0.61 0.82 
®SITE was tested by error term Transect(Site): 
SEASON and SEASON*SITE by Season*Transect(Site). 
^A conservative degrees of freedom was applied to test season 
and season*s1te effects for a repeated measures experimental design. 
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limited sample sizes and high variance terms. In general, the 
pattern resembled those measured for water quality parameters in that 
sites H and Y represented extremes. Coarser substrates were most 
abundant at site H while finer substrates were most abundant at site 
Y (Fig. 10). 
Seasonal variability, measured as CV (Table 11), among the six 
substrate types was greatest for the finer materials, reflecting 
their relative transportability in these flood-prone streams. 
The distinctly higher fluctuation of large boulder at site Y was an 
anomaly resulting from dumping of rocks from a streamside road 
construction project during the course of the study period. 
Algal Community 
The qualitative algae survey yielded at least 19 forms belonging 
to four divisions, five classes, eight orders, and ten families. 
Species identification was possible in seven cases (Table 12). All 
algal colonies were attached to the stream substrates. 
Most forms were found widely distributed throughout the study 
area. However, some distinctions of species distribution and 
abundance existed. For example, Spirogyra spp. were primarily found 
in Chi-chia-wan Stream within deep pools or backwaters. Bangia 
atropurpurea, Cladophora fracta and C. glomerata generally occurred 
in Hseuh-shan, Chi-chia-wan and Yeau-sheng streams but more 
abundantly in the latter two. In particular, lower Yeau-sheng Stream 
supported heavy growths of Cladophora spp. and various diatoms. The 
readily recognizable colonies of PrasioTa japonica and Nostoc 
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Table 12. Algal forms® in the study streams 







































Class Bacillarlophyceae (Diatoms) 
Order Pennales (4 forms) 
®Class1f1cation follows Pentecost (1984), and Bold and Wynne 
(1985). 
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verrucosum were commonly observed attached to cobbles and boulders in 
Hseuh-shan, Ch1-ch1a-wan and Sukairan streams, and the upper reach of 
Yeau-sheng Stream as well as some main channel areas of the Ta-chia 
River. However, they were absent in the disturbed middle and lower 
reaches of Yeau-sheng Stream. 
Fish Community 
Species Composition 
The intensive fish survey yielded four species belonging to 
three orders and four families (Table 13). Oncorhynchus masou 
formosanus, Varlcorhlnus barbatulus, and Crossostoma lacustre had 
been previously reported from the area (Jordan and Oshima 1919; Yang 
et al. 1986). The record of Rhinogobius brunneus in Yeau-sheng 
Stream is the first for the species in the upper Ta-chia River system 
and is evidently the highest elevation known for the species (Liang 
1984; Tzeng 1986b). 
Species Distribution and Relative Abundance 
Each species had a somewhat restricted distributional and 
elevational range within the study area (Table 14). The survey 
confirmed the report by Lin et al. (1988) that wild 0. masou formosanus 
is now primarily restricted to upper Chi-chia-wan Stream. Presently, 
they share this habitat with stocked fish. 
Salmon were found primarily in disconnected pool habitats from 
the upper to lower reaches of the stream. They were most 
abundant in upper parts of the stream where many spawning adults and 
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Oncorhynchus masou formosanus' 
Taiwanese masu salmon (Taiwanese landlocked masu salmon, 












^Scientific names follow Chen (1986) and Tzeng (1986a), excepted 
that the taxonomy of salmon follows Behnke et al. (1962), as revised 
by Watanabe and Lin (1985). Other synonyms for these species 
include: 
^Salmo formosanus (Taiwan trout), 0. masou formosanum. 
^V. tamusulensis, V. barbatus. 
^Formosanla gilbertl, Formosania lacustre. 
^Ctenogobius candidus, R. taiwanus, R. formosanus, R. similis. 
Table 14. Distribution and relative abundance of fish species in 
the streams. Abundances of juveniles (Juv.) were 
estimated during/after each species' peak spawning 
period. Adult abundances were estimated from March 1987 
to May 1988 
Fish Species and Relative abundance^ 
Salmon Minnow Loach 
(0. masou) (V. barbatuTus) (C. lacustre) 
Stream Section^ Juv. Adult Juv. Adult Juv. Adult 
Hseuh-shan S. H -+ -+ - -+ - -

















Yeau-sheng S. Upper 
Middle 
Y 




















Sukairan S. Middle 









1900 m and 
below 
1820 m and 
below 
^Relative abundance was estimated by electrofishing CPUH per 
100 m: 
- none (0). 
-+ rare (0-50). 
+ uncommon (51-99). 
++ common (100-999). 
+++ abundant (1,000-9,999). 
++++ extremely abundant (> 10,000). 








1720 + 2 m 
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redds were observed during October to November 1987 (Table 14). 
Although L1n et al. (1988) reported that wild salmon did not occur in 
the lower reach of that stream, the electroflshing and angling 
methods used In the present study produced a small number of salmon 
there. These techniques also yielded wild adults and yearlings from 
lower Hseuh-shan Stream where the species was previously presumed to 
have been extirpated since before 1976 (Cheng and Yu 1976; Te-chi 
Reservoir Management Committee 1983; Lin et al. 1988). Two wild 
yearlings collected within site H were associated with riparian or 
instream boulder cover. Their sizes were 47 mm (total length) in 
early March and 72 mm in mid-April. Three wild adults, ranging from 
252 to 292 mm in total length, were all collected from a dam plunge 
pool close to site H in mid-April 1988. Additionally, tagged 
hatchery-produced salmon were recaptured one month later from the 
same plunge pool of Hseuh-shan Stream where they had been stocked in 
mid-March 1988. 
The minnow V. barbatulus was the dominant and most widely-
occurring species in area. Its distribution Included nine of 12 
collection reaches (Table 14). This benthic-midwater species was 
most abundant In the lower reach of Yeau-sheng Stream where it 
utilized riffle and pool habitats. Sizes of fish collected ranged 
from 11 mm to 220 mm in total length. 
The loach C. lacustre was a common species in the main channel 
of Ta-chia River and Yeau-sheng Stream but was absent elsewhere 
(Table 14). This benthic species was abundant in the middle reaches 
of Yeau-sheng Stream where it primarily utilized riffle habitats. 
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Sizes of fish collected ranged from 11 mm to 220 mm In total length. 
The goby R. brunneus was discovered 1n riffles along a 150-m 
long reach of lower Yeau-sheng Stream. It was not found in any of 
the other tributary streams or main channel of the Ta-chia River. 
Collected specimens ranged from 47 to 87 mm in total length. 
No fishes were found in the middle and lower reaches of Sukairan 
Stream. Previously, this area was a major salmon habitat (Kano 1940; 
Behnke et al. 1962). 
Minnow and Loach Associations in Yeau-sheng Stream 
Standing crops of the minnow populations ranged from 0 to 593 
g/100 m^ in the various sites, while those of loach ranged from 0 to 
1,823 g/100 m^ (Table 15). Strongest simple correlations with 
habitat features were obtained for adult and Juvenile loach which, in 
particular, exhibited significant positive associations with boulder 
substrate and fast flow (Table 16). Few significant associations 
were obtained for minnow-habitat relationships, but there were 
general patterns of positive association with large boulder and 
negative associations with sand. Overall, stronger associations 
pertained for adults than juveniles of both species, and results were 
more consistent for standing crop than for density. 
Stepwise multiple regression analyses reiterated these general 
patterns. Equations describing associations of the minnow with 
habitat features accounted for a relatively small proportion of the 
measured variability in minnow abundance (Table 17). Stronger 
relationships were revealed for the loach, particularly for adults 
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Table 15. Summary statistics for minnow and loach abundance 
at 61 sites in the lower reach of Yeau-sheng Stream 
during summer (July, August 1987) 
Minnow Loach 
(V. barbatulus) (C. lacustre) 
Standing Range 0-593 0-1,823 
Crop Mean 78 222 
(g/100 m2) CV 140 163 
Density Range 0-100 0-412 
(no./lOO m^) Mean 13 93 
CV 155 108 
/ 
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Table 16. Simple Pearson correlation coefficients of minnow and 
loach abundance with habitat variables during summer 
(July, August 1987) In the lower reach of Yeau-sheng 
Stream 
Minnow (V. barbatulus) Loach (C. lacustre) 
S. CroD Density S. Crop Density 
(g/100 m^) (no./lOO m^) (g/100 m^) (no./lOO m^) 
Ad Juv A&J Ad Juv A&J Ad Juv A&J Ad Juv A&J 
df 54 54 60 54 54 60 54 54 60 54 54 60 
Canopy* -t 
Mean Width 
Mean Depth * -* 
Mean Vel * « ** ** 




S BouldX * ** ** ** • *• 
L BouldX ** t t* t ** ** ** ** 
- (inverse correlation). 
» p < 0.05. 
** p < 0.01. 
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Table 17. Stepwise multiple regression relationships between 
habitat variables and abundance of V. barbatulus (Vb) 
minnow and C. lacustre (Cl) loach during summer (July, 
August 1987) In the lower reach of Yeau-sheng Stream 
Standing Crop (g/100 m^) Density (no./100 m^) 
Fish* Important^ Habitat Important^ Habitat 
Species Variables and Coeff. Variables and Coeff. 
Vb-A 0. 26 + 4.934 LBould** 0. 24 + 0.273 LBould* 
+ 1.284 Cobble + 0.075 Canopy 
+ 249.028 Depth - 0.082 Sand 
- 92.866 - 0.070 Gravel 
+ 0.490 Width 
— 0.988 
Vb-J 0. 24 + 0.520 LBould* 0. 18 — 12.040 Velocity 
+ 1.07 Sand - 0.051 Gravel 
- 0.564 SBould + 0.217 Pebble 
- 0.075 Canopy + 0.151 Cobble 
+ 8.493 - 0.586 SBoul 
+ 4.012 
Vb-AJ 0. 25 + 5.184 LBould** 0. 16 — 0.499 Gravel 
+ 2.012 Cobble - 0.485 Sand 
+ 255.895 Depth - 19.830 Velocity 
+ 1.237 Pebble + 28.271 Depth 
- 103.673 Velocity + 0.188 Pebble 
- 1.191 Sand + 27.771 
- 61.621 
Cl-A 0. 57 + 18.443 LBould** 0. 70 + 2.678 LBould**, 
+ 269.205 Velocity + 38.686 Velocity 
- 1.855 Canopy + 0.341 Sand 
- 8.384 SBould + 0.746 SBould 
- 2.129 Sand - 23.510 
— 35.485 
Cl-J 0. 19 + 1.564 SBould** 0. 22 — 0.564 Canopy* 
+ 81.071 Velocity - 1.372 Sand 
+ 2.033 LBoul - 107.113 Depth 
- 0.497 Canopy - 0.809 Cobble 
+ 16.634 — 0.778 
CI-A J 0. 46 + 17.040 LBould**. 0. 31 + 3.871 LBould** 
+ 386.562 Velocity* - 145.258 Depth 
- 1.684 Canopy + 60.775 Velocity 
+ 2.388 Sand - 0.351 Canopy 
73.808 88.929 
= Adult; J = Juvenile; AJ = Adult plus Juvenile. 
. bo.50 was set as the significance level for entry Into model; 
^'Contribution to the model Is significant at 0.05 level; 
Highly significant at 0.01 level. 
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whose affinity for torrential boulder-dominated areas is clear. 
The best two models for estimating abundance of loach were: 
1. Standing crop (g/100 m^) of adult loach (> 50 mm) (f^ = 0. 
- 18.443 (% of Large Boulder) + 269.205 (Velocity) 
- 1.855 (% of Canopy) - 8.384 (% of Small Boulder) 
- 2.129 (% of Sand) - 35.485 
2. Density (no./lOO m^) of adult loach (F  ^ - 0.70) 
- 2.687 (% of Large Boulder) + 38.686 (Velocity) 
+ 0.341 (% of Sand) + 0.746 (Small Boulder) - 23.510 
68 
DISCUSSION 
The biological Integrity of a stream system Is determined 
primarily by five ecological variables: (1) flow regime, (2) water 
quality, (3) physical habitat, (4) energy relationships and (5) 
blotic community dynamics. Both naturally occurring events (e.g., 
climatic, geological) and human activities (e.g., land use) can 
directly influence the characteristics of these variables, and thus 
affect the Instream biological communities (Karr and Dudley 1981). 
Streams of the upper Ta-chia River system present contrasting 
examples of natural and artificial Influences on Taiwanese mountain 
lotie ecosystems. 
Flow and Temperature Regimes 
Over much of Taiwan, stream flow patterns are strongly seasonal, 
primarily reflecting those of local rainfall since snowmelt runoff is 
limited and springs are uncommon. In central Taiwan, the dominant 
meteorological force is the typhoon which occurs annually with 
considerable regularity, typically in July, August or September (ROC 
Water Resources Planning Commission 1977). This event produces rapid 
increases in stream discharge. In mountainous areas like Wu-ling 
Farm Watershed, stream flows quickly become torrential and major 
changes of physical habitat features and stream biota commonly ensue. 
In particular, substrate features are shifted and scoured, and biota 
tend to be washed downstream. 
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Results presented here suggest that discharge conditions of the 
upper Ta-chia River system have been significantly altered by 
cultural development within its watershed. The unmodified Hseuh-shan 
Stream had relatively lower stream flow fluctuation in 1987-1988 than 
did the streams which have had their watersheds modified by 
deforestation and agricultural activity (Table 2). The removal of 
riparian vegetation, establishment of cropland, and agricultural 
channelization have all contributed to the hydrological instability 
recorded for Yeau-sheng Stream. As illustrated in Fig. 3, although 
Hseuh-shan and Yeau-sheng streams are similar in drainage area, the 
modified stream was characterized by greater flood peaks and lower 
base flows. 
These comparisons are similar to those observed in U.S. 
midwestern agricultural prairie streams. As summarized by Menzel 
(1983), after the native watershed vegetation was removed for 
agricultural purposes, changes in stream hydrology there have 
included (1) increased and more rapid surface runoff, (2) both peak 
and base flow discharge level amplification, (3) flooding translated 
downstream, and (4) more rapid downstream movement of water. In the 
agricultural mountain streams of central Taiwan, these conditions are 
exacerbated by the high relief of the watersheds and the monsoonal-
typhoonal weather influence. 
Seasonal fluctuation in water temperature is also an important 
environmental determinant of lotie community structure and function. 
The temperatures of lotie waters commonly vary much more rapidly than 
those of lentic waters, and they normally have little vertical 
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Stratification due to their turbulent flow. Instead, water 
temperatures may show longitudinal variation along the lengths of the 
stream valleys. In streams of the Wu-ling Farm Watershed, 
significant spatial and temporal variations of water temperatures 
occur (Table 3). During the period of study, the coldest water 
temperature (5.5 C) was found in the relatively unmodified Hseuh-shan 
Stream which originates at the highest elevations (3,884 m) of the 
watershed and has the greatest riparian shading along its valley 
length (Fig. 4B). In contrast, the highest summer maximum (21.5 C) 
was observed in the downstream section of Yeau-sheng Stream, below 
the area where all riparian vegetation had been removed (Fig. 4E). 
Although natural factors may contribute to the differing thermal 
conditions of these two streams, it is likely that the recent 
agricultural modifications of the Yeau-sheng sub-watershed have 
produced abnormally high summer temperatures in the middle and lower 
reaches of that stream, primarily through increased exposure of the 
water surface to solar radiation. 
Chemical Water Quality 
Historical information on water quality in the upper Ta-chia 
River system was provided by Kano (1940) who found relatively uniform 
conditions among four streams in fall. More recent studies document 
significant changes in water quality of some streams since that time. 
For example, Lin et al. (1988) reported pH values in Yeau-sheng and 
Chi-chia-wan streams, where annual site means ranged from 7.9 to 8.2 
and varied up to 1.4 pH units over the course of a year (1986). In 
71 
the agriculturally modified Yeau-sheng Stream, pH values as high as 
8.8 were recorded. In contrast, pH was low and relatively constant 
in unmodified Hseuh-shan stream. Its annual mean pH value of 7.8 is 
similar to 1930s values reported for four streams tested by Kano 
(1940). For the mixing zone site Tcy, Lin et al. (1988) reported 
generally intermediate pH values averaging 8.1 for the year. 
This situation suggests another influence of agricultural 
development of the Wu-ling Farm Watershed. In recent years, 
"agricultural liming," the spreading of pulverized limestone as a 
bacteriocide and soil pH buffer on vegetable fields, has become 
commonplace. The striking seasonal changes in pH among streams 
studied by Lin et al. (1988) implies overland carbonate inputs 
particularly during periods of high discharge. 
In general, freshwater aquatic life is tolerant to a pH range of 
6.5 to 9.0 (Katz et al. 1979; Alabaster and Lloyd 1982). Although 
some streams of the upper Chi-chia-wan system have become more 
alkaline, this condition does not presently seem to be a serious 
detriment to water quality. 
Previous data (Yang et al. 1986; Lin et al. 1988) indicated that 
all study streams presently contain dissolved oxygen well above 5.0 
mg/L, thus there is no other evidence to suggest that dissolved 
oxygen is now a limiting factor for stream biota. 
For the upper Ta-chia River system, there was evidence that both 
NO3-N and PO4-P occurred in the highest concentrations during the wet 
season of 1987-1988 (Figs. 7, 8). Many studies have shown that 
streams draining agricultural watersheds often receive large nitrogen 
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and phosphorus Inputs. Loading levels are associated with watershed 
géomorphologie nature (e.g., slope, soil composition, riparian 
vegetation), land-use patterns and other agricultural practices such 
as fertilizer use (reviewed by Hynes 1970; Schlosser and Karr 1981; 
Kaushik et al. 1983). 
For the Wu-ling Farm Watershed, data of Lin et al. (1988) 
indicated that nitrate and dissolved phosphate concentrations in 
Yeau-sheng Stream were generally higher than those In Hseuh-shan and 
Chi-chla-wan streams during 1986-1987. Confirmatory results obtained 
in the present study show that nutrient loads in the agriculturally-
influenced streams were higher than in natural Hseuh-shan Stream by 
factors of about 2 to 5 during 1987-1988 (Table 5; Figs. 7, 8). In 
the agricultural streams, correlations of greatly elevated nutrient 
loads during the growing/wet season, and especially with discharge 
and turbidity peaks, implicate nutrient delivery pathways primarily 
by runoff and soil erosion. Although tillage alone may account for 
some release of nitrogen and phosphorus compounds from soil and 
decaying vegetation, the most likely sources of these nutrients are 
the fertilizers and pesticides which are applied in abundance to the 
fruit and vegetable crops. This interpretation is consistent with 
numerous other observations on nutrient loading in agriculturally-
influenced streams (Baker 1980). Distinctions between loadings from 
the Yeau-sheng and Chi-chla-wan sub-watersheds are attributable to 
combined differences in crop types, intensity of land-use, condition 
of riparian buffer zones, and stream modifications. Agricultural 
practices of the Wu-ling Farm fruit orchards, although exerting an 
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impact on the neighboring streams, contribute lesser nutrient loads 
than the private row-crop farming systems employed in the Yeau-sheng 
sub-watershed. 
A significant correlation between NO3-N and discharge was 
determined only for Yeau-sheng Stream and the downstream mixing zone 
of Chi-chia-wan Stream (Table 7). The lack of such correlation for 
the forest-bordered upper Chi-chia-wan and Hseuh-shan streams 
suggests the ecological importance of the natural riparian vegetation 
zone as a nitrate sink. 
A contrasting result was obtained for dissolved phosphate which 
was significantly correlated with discharge only in Hseuh-shan Stream 
(Table 7). This situation is primarily attributable to a peak 
concentration recorded in late July, following typhoon-induced high 
flow. This peak occurred two weeks after the discharge and PO4-P 
maxima measured in the other streams (Fig. 8), and evidently 
indicated a fundamental difference in phosphorous loading mechanisms 
among the study streams. In the natural stream, PO4-P concentrations 
probably increase after runoff events primarily as a result of 
resuspension of sediments and dissolution of allochthonous materials. 
These inputs are mainly as natural organic detritus from which 
nutrients are leached relatively slowly. The more rapia PO^-P 
loading following high flows in the agricultural streams further 
implicates artificial sources of this nutrient in those streams. 
The Wu-ling Farm Watershed presents an obvious example of the 
magnitude of sediment loading and turbidity associated with 
agricultural and other erosive land-use practices. On the average, 
74 
turbidity levels in the agriculturally-influenced Yeau-sheng Stream 
were 7-fold greater than in the natural Hseuh-shan Stream (Table 4), 
and there was a pattern of high correlation between turbidity and 
discharge levels (Table 6). Undoubtedly, practices of stream 
channelization, road construction and row crop agricultural 
development in the middle reaches of the stream have been responsible 
for the elevated turbidity in Yeau-sheng Stream. On the other hand, 
a riparian buffer zone, coupled with less intensive agriculture and 
preservation of natural channel features in the Wu-ling Farm fruit 
orchards, has seemingly provided effective protection for the 
neighboring Chi-chia-wan Stream from potentially damaging sediment 
loading (Table 4). 
Unlike nutrients, which can be locally assimilated biologically, 
sediment can have detrimental ecological (and economic) impacts far 
downstream from the source of origin, including (1) damaging benthic 
flora and fauna through scouring, abrasion, and burial of organisms 
or their habitats, (2) limiting primary production by reducing light 
transmission, (3) impairing animal behaviors essential to 
reproduction, feeding, defense, social interactions, and other life 
processes (Menzel 1983). Fish and invertebrate populations are 
particularly impacted by loss of feeding and spawning habitat through 
siltation. Owing to its mountainous topography, abundant rainfall 
and fragile soils, Taiwan island is naturally susceptible to problems 
of soil erosion and sedimentation. The seemingly uncontrolled 
private agricultural development of the island, which employs no or 
minimal soil and water conservation practices, poses a serious threat 
75 
both to natural ecosystem functioning and long-term agricultural 
productivity. 
The high conductivity values determined in Yeau-sheng Stream 
seem to reflect both natural and anthropogenic distinctions between 
the sub-watersheds of the study area. Although the entire Wu-ling 
Farm Watershed is underlain by slate, shale, and sandstones, 
the sub-watersheds differ somewhat in the age and, therefore, the 
chemical compositions of these materials. In general, bedrocks of 
Hseuh-shan and Chi-chia-wan valleys are older (Eocene to Oligocene) 
than those of Yeau-sheng valley (Eocene to Miocene; Ho 1975a,b). 
Field observations indicate that slopes of the Yeau-sheng valley are 
susceptible to landslides which result in deposition of slate debris 
in the stream. The continuous weathering of this material probably 
accounts for the high conductivity values recorded for tributary 
waters during base-flow conditions (Table 6). Similar high 
conductivity values (mean = 278 unhos/cm, range 225 to 325) have 
been measured for Nan-hu Stream, a downstream unmodified tributary of 
the Ta-chia River which cuts through the same geologic formations as 
Yeau-sheng Stream (Te-chi Reservoir Management Committee 1983). 
Physical Stream Structure 
Streams of the Wu-ling Farm Watershed vary naturally relative to 
the ecological influence of riparian vegetation. At sites H and Y, 
for example, the stream valleys are canyon-like, and the wetted width 
varies little at different discharge levels (Table 1). On the other 
hand, at site Tcy, the valley is relatively broad, and when stream 
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flows are low there is little riparian canopy, but at high flows the 
water spreads out under beneath overhanging vegetation. This 
accounts for the greater seasonal variation in canopy cover measured 
for that site (Fig. 9). 
Despite the fact that canopy cover was most dense at site Y 
(Fig. 9), water temperatures there were consistently higher during 
the warm season than at other sites (Fig. 4), sometimes exceeding 20 
C. In this case the removal of riparian vegetation upstream, in 
association with channelization, has increased solar heating of the 
water in the warm season. 
In the study streams, large-sized substrates (cobble and 
boulder) are dominant (Fig. 10) and provide instream cover and 
refuges for resident fishes and other macro-organisms, as well as 
providing surfaces for growth of algae and periphyton. Smaller-sized 
substrates provide living spacing for benthic invertebrates and 
spawning sites for the fishes. Kano (1940) and Teng (1959) described 
the spawning of masu salmon in gravel-pebble areas, and I observed 
that the kooye minnow spawns primarily in sand. Nursery areas for 
juveniles of both species are associated with cobble-boulder areas. 
As noted previously, some localities within the watershed are 
subject to landslides because of the steep topography and readily-
fractured slate bedrock. Landslides can drastically alter bedform in 
affected stream reaches, creating a relatively uniform expanse of 
layered slate debris. Field observations indicated that such areas 
support few fish. Since the 1960s, the character of Sukairan Stream 
has been particularly altered by this natural phenomenon. Whereas 
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its lower reaches previously contained pool and riffle sequences 
suitable for masu salmon (Kano 1940), today this area is a 
monotonous, slate- and sandstone-bottomed, shallow run, devoid of all 
fish life. 
In the past, such conditions may have been relatively ephemeral 
because torrential typhoonal flows readily transported the smaller 
substrate materials downstream. Today, however, the presence of 
sand-retention dams on all streams impedes natural hydraulic 
processes. The pools behind these dams have become filled with rock 
debris, essentially to spillway level. Lin et al. (1988) speculated 
that the high dams (5 to 10 m) effectively block longitudinal 
movements of salmon. However, my field observations also revealed 
that many salmon are now utilizing the pools located below and 
created by sand-retention dams. In fact, these plunge pools seem to 
be the most structurally stable habitats now available for 
streamlined fishes (salmon and minnow), particularly during floods. 
Thus, the effects of the dams on the salmon and minnow may be viewed 
as both detrimental, because of population fragmentation, and 
beneficial because their plunge pools provide general living space 
and refuge from fast current during high flows. 
Agricultural channelization, like that practiced in Yeau-sheng 
Stream, also has profound impacts on substrate features. By design, 
stream straightening reduces bedform and channel structural diversity 
and increases gradient so as to hasten transport of water downstream. 
Numerous experiences with channelization in North America and 
elsewhere have demonstrated that, in general, the natural community 
78 
1s replaced by a smaller assemblage of organisms which may be 
characterized as "pioneer species" because of their tolerance to 
fluctuating and often extreme environments (e.g., see examples In 
Schneberger and Funk 1971; Menzel 1983; Scarnecchia 1988). In some 
cases, major community elements may be eliminated if potentially 
colonizing stocks of tolerant species do not exist. This situation 
seems to pertain in the newly-rechannelized (1986), reach of Yeau-
sheng Stream, where fishes are virtually absent today. 
Blotlc Community 
Results of this study show patterns of algal distribution and 
abundance which are descriptive of general environmental variations 
and particularly of altered thermal and chemical conditions. For 
example, the presence of Prasiola japonica in unmodified headwaters 
of Yeau-sheng Stream, its abrupt disappearance in the agriculturally 
Impacted middle and lower reaches of the stream, and its re­
occurrence in the downstream main channel of Ta-chia River imply a 
temperature-determined distribution pattern. Prasiola spp. have been 
suggested to be cold-water stenotherms (Gessner 1955; cited In Hynes 
1970). The elimination of P. Japonica in the most agriculturally-
influenced reaches of Yeau-sheng Stream, therefore, are attributable 
to elevated summer temperatures resulting from removal of riparian 
vegetative shade. This may also explain the similar distributional 
pattern of Nostoc verrucosum In the area. 
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On the other hand, the thermal alteration, in conjunction with 
high levels of agriculturally-derived nutrients in Yeau-sheng Stream 
have probably encouraged enhanced growth of other algae. Massive 
colonies of Cladophora, StIgeocIonium, and Osclllatoria, as found in 
Yeau-sheng Stream, are characteristic of eutrophic and cleared small 
streams (Hynes 1969, 1971). Their absence from Hseuh-shan Stream and 
upper reaches of Chi-chia-wan and Yeau-sheng streams further 
substantiates this interpretation. 
Similar distributions are evident in data of Huang's (1987) 
aquatic insect survey of the area. For example, over a 1-year 
period, the natural Hseuh-shan Stream supported a greater number of 
species (45 spp.) than the agriculturally-modified Yeau-sheng Stream 
(35 spp.). Also, Hseuh-shan Stream generally contained more species 
and individuals of stoneflies and caddisflies than did Yeau-sheng 
Stream. Several large stoneflies {Oyamla  s jp . ,  P ro tonemura  sp . ,  
Doddsia sp.) and caddisflies (Rhyacophlla spp., Himalopsyche sp., 
Arctopsyche sp., Melanotrichia sp., Agarodes sp., and Glossosoma sp.) 
occurred in the former but not in the latter. In contrast, 
Yeau-sheng Stream tended to contain smaller species, and 
approximately 6-fold greater population of small midge larvae 
{Chironomus spp.) than did Hseuh-shan Stream. 
From a community functional perspective, it has been observed 
that shredder-collector invertebrates tend to dominate natural 
streams while collector-scraper forms are more common in downstream 
and agriculturally modified reaches (Vannote et al. 1980; Barnum 
1984; Robertson 1987). When Huang's (1987) distributional and 
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abundance data are regarded in this context, they fit this pattern 
well. Although Hseuh-shari Stream supports many collector forms, it 
also contains an abundance of shredders and predators, according to 
trophic identifications of Merritt and Cummins (1984). In contrast, 
dominant forms in Yeau-sheng Stream are scrapers and collectors. 
All the study streams are known to have once supported salmon 
and to have had perennial, clear, cold waters with abundant insect 
life and a forested riparian watershed (Kyogi and Nakamura 1938; Kano 
1940; Teng 1959). Moreover, the salmon's original range was limited 
to the upper Ta-chia River system. This natural range restriction 
seems to be primarily associated with temperature and flow regimes of 
Taiwanese rivers. Kano (1940) commented that the upper Ta-chia River 
system was unusually hospitable for biotic life compared to other 
drainages of the Central Mountain Range. He suggested that salmon 
cannot tolerate a water temperature greater than 20 C, noting that 
they were fairly common throughout Ta-chia River headwaters at 
altitudes above 1,500 m where summer water temperature maxima were 
about 14 to 16 C. The thermal requirements of the salmon, he 
believed, prevent it from inhabiting lower, warmer altitudes. 
Kano additionally suggested that the salmon's distribution was 
closely associated with stream gradient. He illustrated that the 
Ta-chia River gradient, at altitudes above 1,500 m, was gentler than 
that of five other principal rivers, Tan-shui, Lang-yang, Ta-an, 
Cho-shui and Kao-ping, at like altitudes. He also stated that stream 
Insects (salmon food) were more abundant in the upper Ta-chia River 
than in the others. He concluded that suitable water temperature and 
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stream gradient and the rich food resources of the upper Ta-chia 
River provided a uniquely suitable habitat for the salmon in Taiwan. 
Recent evidence confirms Kano's (1940) basic understanding of 
the situation and helps to explain the salmon's decline in the past 
few decades. A detailed physiographic analysis of Taiwanese rivers 
by Shih et al. (1987) demonstrates that the Ta-chia River originates 
among one of the island's three highest altitudes, above 3,600 m. 
Mean elevation of the river is ca. 1,700 m, second highest among the 
15 principal rivers. Although water temperature information for 
other higher-altitude rivers is fragmentary, data presented here 
give credence to Kano's explanation that the salmon's distribution, 
in part, is thermally limited. At present, the salmon persists 
primarily in areas where mean biweekly thermal maxima were between 
about 14 C and 16 C in summer 1987. It was rare or absent from 
stream reaches which averaged about 16 C to 18+ C during the same 
period, including a daily maximum of 21.5 C in Yeau-sheng Stream. 
The high gradient typical of most Taiwanese mountain streams may 
contribute to relatively rapid warming of the water as it descends, 
and it certainly contributes to seasonally torrential flows. In this 
regard, Kano's (1940) early commentary on the significance of stream 
gradient seems particularly insightful. Calculation of gradients 
occurring at elevations between 1,500 and 2,000 m confirms that the 
slope of the Ta-chia River is the lowest (ca. 32 m/km) than that of 
all of the 14 other principal rivers, which as a group average about 
65 m/km (see APPENDIX C). 
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Kano may not., however, have fully appreciated the importance of 
local weather patterns in explaining the salmon's distribution. 
Examination of the Water Atlas of Taiwan (ROC Water Resources 
Planning Commission 1977) suggests that fluctuations In flow of the 
upper Ta-chia River are greatly ameliorated by the river's interior 
location and surrounding high mountains which tend to divert the 
force of monsoons and typhoons that cross the island. Expressed as a 
ratio of annual average discharge extremes, flows in the upper 
Ta-chia River are the most stable In Taiwan. Thus, in the natural 
environment, salmon were probably capable of surviving local high 
flows in refuge areas afforded by the relatively gentle valley slope. 
Finally, the recent entomological survey by Huang (1987) attests 
to the area's considerable taxonomic diversity of aquatic insects 
which can serve as salmon food. Preliminary efforts in the present 
study to quantify secondary production in the streams failed when the 
artificial substrate samplers were destroyed by the current. Another 
effort may be worthwhile. 
Little can be said about the original distributions of the 
salmon's ichthyofaunal associates because earlier investigators 
ignored them. The kooye minnow, however, seems to be a relatively 
broadly distributed mountain fish, occurring at elevations between 50 
m (Tzeng 1986b) and 1900 m (Table 14). Although the tasseled-mouth 
loach is less widely distributed in Taiwan, it also occurs over a 
large elevational range, from about 50 m (Tzeng 1986b) up to 1820 m 
(Table 14). Based on records of Liang (1984) and Tzeng (1986b), the 
occurrence of the stream goby at this locality (ca. 1720 m; Table 14) 
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is enigmatic. Only three other river systems (I.e., Ta-an R., Cho-
shul R., and Kao-ping R.; see APPENDIX C) are presently known to 
contain that species In their h1gh-e1evat1on headwaters. Elsewhere, 
1t Is common at low elevations, Including estuarine situations and 
anadromous life process (Tzeng 1986a). Its Introduction, deliberate 
or accidental. Into the upper Ta-ch1a River seems unlikely. It may 
be hypothesized that the Pleistocene orogenic events which isolated 
and landlocked the masu salmon may have Involved the goby as well. 
Life history and distributional observations indicate that the 
members of this simple fish community are differentially adapted to 
the area's natural, and modified, environments. Like most other 
stream salmonids, the masu salmon requires cold, well-aerated water 
for all life stages, gravel riffles and runs for spawning, and deep, 
quiet pools for foraging and resting (Lin et al. 1988). It may be 
inferred that the other species prefer, or tolerate, warmer water, 
the minnow perhaps being the most eurythermal. The species also 
accepts the greatest variety of stream depths, substrates and current 
conditions. The distribution and morphological features of both 
loach and goby, however, reflect their lives amidst fast current. 
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SUMMARY AND CONCLUSIONS 
The upper Ta-chia River system originally provided unusually 
favorable environments for the Taiwanese landlocked masu salmon and 
its community associates. This is attributable to a relatively low 
channel gradient and moderate climate. In recent decades, the 
Wu-ling Farm Watershed has been influenced by various human 
modifications. Construction of sand-retention dams has contributed 
to water warming, interfered with natural hydraulic processes, and 
blocked longitudinal movement of fishes. Agricultural land clearing, 
stream channelization, and application of chemicals to cropland have 
resulted in more extreme discharge fluctuations and degraded water 
quality, particularly warmer water temperatures, Increased sediment 
load, and eutrophication. The fruit orchards of Wu-ling Farm seem to 
have had less environmental impact than private row-crop agriculture 
in the Yeau-sheng valley. 
The distribution of aquatic algae reflects environmental 
differences between the area's streams. In more natural reaches, 
moderate growth of typical cold-water forms occur. In the 
channelized reach of Yeau-sheng Stream, there is limited algae, due 
to paucity of suitable substrate and, perhaps, elevated water 
temperature. In nutrient-enriched downstream reaches, massive 
growths of pollution-tolerant forms occur. Previous research on the 
aquatic insect fauna reveals a similar pattern of responses to local 
environmental differences. 
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The simple fish community is spatially distributed according to 
differential species responses to habitat features, particularly 
flow, temperature and substrate conditions. The range of the masu 
salmon has become restricted in the past half-century because of 
overexploitation, population fragmentation by dams, and other habitat 
deterioration caused by landslides and agricultural impacts. Today, 
its distribution is primarily limited to a 6-km reach of Chi-chia-wan 
Stream and lower most Hseuh-shan Stream. The cold-water salmon 
requires gravel-bottomed runs for spawning but juveniles and adults 
are chiefly associated with extended pools having instream or 
riparian cover. 
The kooye minnow is the most widely distributed fish species in 
the area. It is maximally abundant in eutrophic pools and riffles, 
in areas of undercut bank or boulder cover, and where water 
temperature is cool to cold in summer. The Taiwanese tasseled-mouth 
loach occurs primarily in agriculturally-modified lower Yeau-sheng 
Stream. Its principal habitat associations are with eutrophic, 
boulder rapids and cool to warm water. The stream goby has a very 
restricted distribution in rapids of lower Yeau-sheng Stream. This 
population occurs at the highest altitude known for the species. 
There is no evidence that the salmon is detrimentally affected 
by any of its three ichthyofaunal associates, however, its future 
survival could be imperiled by naturally occurring landslides, the 
existing dams, and any expansion of row-crop agriculture on the Upper 
Ta-chia River Watershed. 
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ABSTRACT 
An analysis of food habits of the kooye minnow (Varicorhinus 
barbatulus) and the Taiwanese tasseled-mouth loach (Crossostoma 
lacustre) was conducted from March 1987 to April 1988 in Yeau-sheng 
Stream, a headwater tributary of the upper Ta-chia River, in central 
Taiwan. Both species relied heavily on algal detritus and small 
insects as food but were ecologically distinctive in their 
microhabitats and seasonal diets. The minnow was found to be a 
habitat generalist that occupied both pool and riffle areas while the 
loach occurs only along the bottom of boulder rapids. The minnow 
opportunistically ate insects when they were abundant, primarily in 
the dry season. The loach was found to be truly omnivorous, shifting 
between detritus and insects as the chief dietary items, depending on 
seasonal abundance of these food resources. The oral morphologies of 
both fishes restrict their insect consumption to smaller species, 
especially baetid mayflies and chironomid dipterans which are the 
most abundant insects in the area. 
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INTRODUCTION 
Wildlife resource managers are today particularly interested in 
understanding the ecological responses of biota affected by 
culturally-induced environmental change. In many economically-
developing countries, the rapid transformation of natural ecosystems 
to agricultural, industrial and urban uses has had devastating 
impacts on native wildlife populations and communities. The recent 
history of the upper Ta-chia River basin of central Taiwan is a case 
in point. Until about the 1950s, the area was relatively pristine 
and local streams supported relict populations of the Taiwanese 
landlocked masu salmon Oncorhynchus masou formosanus (Kyogi and 
Nakamura 1938; Kano 1940). Subsequently, development of the area for 
agriculture, other environmental modifications, and overfishing have 
endangered the stock's existence. Concern for the salmon's survival 
has prompted a recovery effort which is initially focusing on 
developing better understanding of the ecosystem which supports the 
salmon. 
Wang (1989) has shown that the remnant salmon stock presently 
shares its habitat with only one other fish species, the kooye minnow 
(.Varicorhinus barbatulus) although two other fishes occur in the 
general area and may have been more intimate associates of the salmon 
in the past. It is of interest to the recovery effort to know how 
the entire local fish community shares resources in order to plan 
appropriate mitigation procedures and anticipate community responses 
to them. The objective of the present study, therefore, was to 
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compare the trophic relationships of the two most abundant community 
associates of the salmon, the kooye minnow and the Taiwanese 
tasseled-mouth loach (Crossostoma lacustre) in an area which has been 
most profoundly modified by agricultural alterations. 
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STUDY AREA AND STREAM 
Yeau-sheng Stream is located in Taichung Hsien (County), in the 
central part of the main island of Taiwan (Fig. 1). It is a 
tributary of the Ta-chia River, located about 23 km above Te-chi 
Reservoir. Originating from a high valley (2,500 m) of a neighboring 
mountain called Lo-yeh-wei Shan (2,715 m), the stream is 11.4 km 
long, 3 to 7 m wide with a mean gradient of 68 m/km and a basin area 
of 31 km^. 
The watershed is situated within the 1,500-2,100 m altitude 
"Lower Temperate Climatic Zone" of Kano (1940). Its lithosphere is a 
combination of shale, sandstone and slate (ROC Central Geological 
Survey 1974; Ho 1975a,b). Since slate is the major component of the 
local bedrock and is fragile, landslides frequently occur, 
particularly during the periods of heavy rain. The stream bed 
contains an abundance of large rocks, primarily deposited by 
weathering of sandstone and slate. The area is mostly vegetated by 
warm-temperate montane forest communities dominated by fir, pine, and 
oak (Kano 1940; Liu 1971). 
Annual air temperatures in the area average 13 to 15 C. Extreme 
local air temperature has been historically recorded as high as 29 C 
and as low as -8 C. The watershed receives an annual average of 
1,000 to 1,500 mm of precipitation, mostly as rain with great 
variation between seasons (Wu-ling Farm 1988). In general, the rainy 
season starts in May and extends through September with a reasonably 








FIGURE 1. Map of upper Ta-ch1a 
and study stream 
River system showing study area 
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usually moderate in amount and of short duration, and causes little 
extra runoff into streams. 
A significant portion of the Yeau-sheng watershed has been 
developed for agriculture, especially fruit and vegetable production, 
since the 1970s. Fertilizers and pesticides are used extensively in 
croplands during the growing season of March to October (Te-chi 
Reservoir Management Committee 1983; Lee et al. 1987). Over about a 
3-km reach, the stream has been channelized and its riparian canopy 
has been almost entirely removed. In late 1986, it was rechannelized 
due to a typhoon's catastrophic destruction. Additionally, in 1987 
the lower reach was altered by dumping of sand and rock into it from 
neighboring road enlargement construction. Present water quality 
characteristics of the stream have been reported by Lin et al. (1988) 
and Wang (1989). The water's oxygen content is normally greater than 
7 mg/L, pH values vary seasonally from about 7.4 to 8.8, and hardness 
from 119 to 163 mg/L CaCOg (Lin et al. 1988). In 1987-1988, the mean 
water temperature at a downstream site was 14.9 C with a minimum of 
7.5 C in December and a maximum of 21.5 C on several occasions from 
June through August. Other annual means were: conductivity, 307 
unhos/cm; turbidity, 7.2 NTU; NO3-N, 2.28 mg/L; PO4-P, 0.10 mg/L 
(Wang 1989). Compared to water characteristics of relatively 
unmodified streams of the area, all of these values are elevated and 
attest to the impact of agriculture within the watershed. Under the 
influence of agricultural fertilizers and other nutrients which enter 
the stream, massive growths of filamentous algae and diatoms occur in 
downstream reaches. In particular, these include Cladophora, Bangia 
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and OsciJIatoria spp. (Wang 1989). When the algae die or become 
detached from their substrates, detrital aggregates collect in 
slack-water areas. 
This stream historically contained populations of the Taiwanese 
landlocked masu salmon but the species is now entirely absent there, 
because of environmental quality deterioration. Recent faunal 
surveys show that at least 35 species of aquatic insects (Huang 1987) 
and three species of fishes (Wang 1989) presently occur in the 
stream. The kooye minnow and Taiwanese tasseled-mouth loach are the 
dominant fishes in the stream, mainly inhabiting the middle and lower 
reaches. The stream goby (Rhinogobius brunneus) is rare and limited 
to one small area of the lower stream (see details in Wang 1989). 
Sometime between 1977 and 1980, a sand-retention dam was 
constructed 260 m above the mouth of the stream to help protect 
downstream Te-chi Reservoir from sedimentation. The dam is about 5 m 
high and blocks the longitudinal stream movements of fishes. 
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MATERIALS AND METHODS 
Fish Sampling 
Fish samples were collected from lower Yeau-sheng Stream during 
a 1-year period from March 1987 to April 1988 with a Coffelt backpack 
electrofisher (model BP-2). Fish were sampled biweekly during the 
daytime between approximately 10:00 to 16:00. In the field, 
collected fish specimens were anesthetized with tricane-
methanesulfonate (MS-222) or the electrofisher to prevent 
regurgitation. They were then preserved in 10% formalin. A total of 
412 minnows and 337 loach were collected. Body sizes ranged from 40 
to 220 in total length (TL) for minnow and 50 to 130 mm for loach. 
Stomach Content Analyses 
In the laboratory, individual fish total lengths were measured 
to the nearest 1 mm and weights were measured to the nearest 0.01 g 
with an electronic balance (Shimadzu LIBROR EB-280). Fish stomachs 
were removed by dissection. The loach has a true stomach while the 
minnow does not. As used here for minnow, the stomach represents the 
distinctively enlarged portion of the anterior digestive tract. The 
fullness of stomachs was estimated to the nearest 10% by the point 
method, modified from Hynes (1950, 1970). For each species, temporal 
(monthly or seasonal) feeding intensity was determined as the mean 
percent fullness of the stomach contents. 
Stomach contents of each fish were sorted and identified to the 
lowest taxon possible using both dissecting (x20) and compound 
microscopes (x40 to xlOO). Food item frequency of occurrence for 
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different size groups of fish were recorded. Data from minnow 
specimens were divided into nine 20-mm total length groups. Data for 
loach were arranged into four 20-mm size groups. 
To obtain the overall relative dietary importance of various 
food items, the samples were initially treated in two ways. Trophic 
studies often utilize wet or dry weights of food materials, 
especially if energetic applications are intended. However, 
preliminary experience here with the small fish and small volumes of 
stomach contents indicated that weights of food items could not be 
determined with accuracy, particularly the detrital and algal 
materials. Therefore, an alternative method was developed based on 
measures of food item volumes. The proportion of each major type of 
ingested material (filamentous algae, diatoms, sand. Insects, and 
detritus) to total food volume was determined by a watch glass grid 
method. The excised stomach contents were first placed on a concave 
spherical watch glass (diameter = 92 mm) of which the center part 
(diameter = 56 mm) was etched with a 2 x 2 mm grid. They were then 
diluted by adding 2 ml of 40% isopropyl alcohol, and were stirred 
with a probe to loosen the aggregates. The well-mixed sample on the 
watch glass was examined under a 20x dissecting microscope. Tallies 
for the five major food items were based on how many grid 
intersections were occupied by a given food item. The percent volume 
composition of each food item was then estimated from the fraction of 
the total points counted. This method assumes, therefore, that the 
area occupied by a given food item is proportional to Its volume. 
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The biweekly data were pooled to give monthly composites, and 
further reduced into wet (March to October) and dry season (November 
to February) data groups. Diets were compared among three species 
categories: juvenile minnow (N = 51), adult minnow (N = 361), and 
adult loach (N = 337). Small sample sizes precluded inclusion of 
juvenile loach. 
Statistical Analyses 
Fish stomach content data were analyzed statistically by ANOVA 
using a two-way classification model with fixed and random effects 
and with their interaction. In this model, treatment (i.e., species) 
effects were considered to be fixed, while temporal factors (biweekly 
period, month, season) were considered to be random effects. Further 
contrast was made for the species categories or temporal effects if 
their significance levels were greater than 0.05. Differences 
between size category means for stomach item variables were also 
determined by the Least Significant Difference (LSD) method. For all 
analyses, a probability value of less than 0.05 was considered 
statistically significant. The convention of using superscripts to 
denote significance level is followed here: + = 0.10, » = 0.05, •* = 
0.01. All statistical tests were calculated with the Statistical 
Analysis System computer program (SAS Institute, Inc. 1985). 
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RESULTS AND DISCUSSION 
Food Habits 
Detritus, sand and diatoms were commonly found in the stomachs 
of both species, detritus being the most frequently occurring item 
(Table 1). Thirteen forms of filamentous algae were found. This 
seemed to be a representative sampling of the algae available as 
determined by a qualitative survey of the study area. Twelve insect 
taxa were identified among the stomach contents, indicating that not 
all potentially available insect fauna were eaten by the fish. In 
particular, unutilized or little-utilized insect food resources 
included: Plecoptera (stoneflies), Coleoptera (beetles), and Odonata 
(dragonflies) on the basis of Huang's (1987) insect collections. 
Stomach contents of minnow and loach were similar in frequency 
of occurrence of the major items: detritus, sand, diatoms, and the 
abundant algae, Bangia (Table 1). But loach consumed a greater 
variety of algae than the minnow. Similarly, while loach and minnow 
both tended to feed upon the same insects, loach took insects more 
frequently, especially Chironomus midges, Baetlella (= Pseudocloeon) 
mayflies and Simulium blackflies. Juvenile minnows took only four 
types of insects, primarily Chironomus and Antocha flies. Among all 
stomachs examined, about 4% of minnow and 16% of loach stomachs were 
empty. Adult minnows rarely ate fish eggs and water moss. 
Volumetric analyses provided additional contrasts between the 
species. Detritus was relatively more abundant in minnow stomachs 
than in those of loach, while insects and sand were relatively more 
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Table 1. Mean annual stomach contents described as frequency of 
occurrence (%) for minnows (A = Adult, J = Juvenile) and 
loach and their LSD tests of significance (underscored row 
means are not significantly different) 
Minnow Loach 
Vb-J Vb-A CI-A 
TL (mm) 40-80 80-220 50-130 (LSD) 
STOMACH CONTENT ITEMS No. 51 361 337 
IV, 
ALGAE 
CHRYSOPHYTA (Yellow-Green A.) 
Pennales (DIATOMS) (4 spp.) 29.4 45.8 47.8 (20.8) 
Vaucheria (2 spp.) 0 1.2 1.4 (1.2) 
CYANOPHYTA (Blue-Green A.) 
Homeothrix sp. 2.2 8.2 12.4 (8.5) 
Oscillatoria (2 spp.) 0 0.3 0 (0.5) 
RHODOPHYTA (Red A.) 
Bangia sp. 27.7 34.8 29.1 (3. 1) 
CHLOROPHYTA (Green A.) 
Stigeoclom'um sp. 12.1 2.6 8.7 (8.4) 
Cladophora (2 spp.) 7.1 7.3 8.8 (8. 1) 
Spirogyra (2 spp.) 0 0 0.3 (0.5) 
Cosmarium sp. 0 0 0.3 (0.4) 
Draparanaldia sp. 0 0 0.1 (0.14) 
INSECTS 
DIPTERA (True flies) 









Simulium sp. (Black fly) 0 1.1 7.9 (7.1) 
Eriocera sp. 0 2.3 3.3 (3.6) 
BsTspharocera sp. 0 1.7 2.3 (3.9) 
EPHEMEROPTERA (Mayflies) 
Baetis spp. 1.6 2.0 5.6 (4.5) 
Baetiella spp. 2.8 1.5 18.8 (12.0) 
PLECOPTERA (Stcneflies) 0 1.1 0.5 (1.2) 
TRICHOPTERA (Caddisflies) 0 1.7 0.1 (2.3) 
DETRITUS 79.3 91.2 80.8 (18.7) 
SAND 38.4 51.8 52.3 (20.0) 
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prominent in loach diets (Table 2, Figs. 2, 3). Filamentous algae 
and diatoms contributed to only a small fraction of the diets of both 
species, and there were no interspecific statistical distinctions of 
these food items. 
To varying degrees, there were temporal differences in the diets 
of the two species. For both, insect consumption was greater 
(p < 0.10) in the dry season (Table 2) although loach stomachs 
contained much insect material in mid-summer as well (Fig. 3). In 
both there was also a significant trend for detritus to be a more 
important dietary component in the warm season, especially in early 
spring. Although ANOVA indicated absence of seasonal trends for 
sand, diatom and filamentous algae consumption, loach tended to 
ingest more sand in the wet season, and some monthly differences In 
diatom consumption existed (Table 1). 
Overall, the kooye minnow may be considered as being primarily a 
browser on detritus and algae, which ingests insects and other 
materials either incidentally or opportunistically. On the other 
hand, the more varied and seasonally fluctuating diet of the loach, 
implies that it is more truly omnivorous in the study stream. 
Niche Segregation 
Fish communities of small temperate streams often exist as 
multi-species associations which fluctuate in composition and 
abundance seasonally. Some recent research has addressed the 
question of how niche segregation occurs among species In such 
dynamic ecosystems. Among cyprinld-domlnated complexes in eastern 
Table 2. Results of ANOVA showing mean squares (MS), F values and 
significance levels for fish species and temporal factors 
related to five major stomach content items in percentage 
of volume from March 1987 to February 1988 in Yeau-sheng 
Stream 
Stomach Content Items in Percentage of Volume (%) 
Diatom F. Algae Sand Insect Detritus 
SOURCES df MS F MS F MS F MS F MS F 
SPECIES* 1 0. 41 0.48"® 6.9 0.18"® 99 4. 07+ 3778 22. 62** 4679 30.24** 
MONTH® . 11 8. 71 11.38** 34.1 0.90"® 38 1. 59"® 568 3. 40* 425 2.78+ 
SEASON® (1) 9. 12 1.05"® 55.9 1.75"® 104 3. 25"® 1987 4. 66+ 1571 4.92+ 
Month(Season) (10) 8. 68 31.9 32 426 319 
SPECIES*Month 11 0. 77 38.0 24 167 150 
SPECIES*SEASONC (1) 0. 13 0.16"® 84.3 2.45"® 26 1 .08"® 310 2. 02"® 15 0.09"® 
Sp*Mo(Season) (10) 0. 82 33.4 24 153 164 
CORRECTED TOTAL 23 
®SPECIES and MONTH were tested by error term Spec1es*Month. 
^SEASON (wet vs. dry) was tested by error term Month(Season). 
®SPECIES*SEASON was tested by error term SpeciesSMonthCSeason). 
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KOOYE MINNOW STOMACH CONTENTS 

























(N) 17 37 48 33 39 33 26 23 32 11 24 38 
DETRITUS 47 75 63 78 80 92 70 65 65 54 74 40 
INSECT 44 3 8 17 18 6 28 27 28 44 21 30 
SAND 4 12 5 2 2 1 2 4 3 2 1 0.8 
F. ALGAE 5 0.6 2 2 1 0.4 0.1 3 3 0.1 4 29 
















FIGURE 2. Monthly stomach contents measured 1n percent of total 
volume of V. barbatulus adults. Group annual means with 
the same letter designation are not significantly 
different by the LSD test 
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LOACH STOMACH CONTENTS 

































(N) 21 19 42 9 16 62 13 16 21 16 28 12 MEANS GRP 
DETRITUS 32 69 62 56 22 61 49 25 40 10 23 39 40.6 A 
INSECTS SO 10 27 35 74 26 23 67 54 85 67 58 47.8 A 
SAND 7 15 7 8 1 6 27 5 5 1 4 1 7.3 B 
F. ALGAE 10 1 3 0.2 4 6 0.3 2 0.8 2 6 1 3.1 B 
DIATOMS 0.9 6 2 0.2 0.2 1 1 1 0.5 0.6 0.4 0 1.3 B 
1987-1988 (LSD ' 11.4} 
FIGURE 3. Monthly stomach contents measured in percent of total 
volume of Crossostoma lacustre adults. Group annual 
means with the same letter designation are not 
significantly different by the LSD test 
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than in those of loach, while insects and sand were relatively more 
North America, Mendelson (1975) and Gatz (1979a,b)' found that 
morphological and behavioral distinctions permit the species to 
segregate spatially and trophically within small areas. Similarly, 
the kooye minnow and tasseled-mouth loach are structurally and 
behaviorally adapted to different microhabitats. Like other 
homalopterids, the loach is specialized for a benthic existence in 
torrential streams. Its structural features include a depressed head 
and body, large pectoral fins, reduced gas bladder and ventral mouth. 
In Yeau-sheng Stream, it occurs almost exclusively in areas of fast 
flow with boulder substrate (Table 3). The numerous barbels fringing 
its small mouth perhaps aid in identifying and selecting food 
materials. However, the relatively high volumes of sand in loach 
stomachs (Fig. 3), and aquarium observations on their feeding 
behavior, imply a generalized non-selective sucking mode of feeding. 
In contrast, the kooye minnow is more widely distributed in 
Yeau-sheng Stream and neighboring streams (Wang 1989). Its 
compressed fusiform body permits it to occupy both pool and riffle 
habitats, where it forages at the bottom or along rock surfaces at 
mid-depths, ninping at food items. However, its small, toothless, 
non-protrusile and subterminal mouth restrict its food to relatively 
small items. Thus neither species can physically manipulate and 
ingest large potential prey organisms such as late instars of beetle, 
stonefly and dragonfly larvae (Table 1). Rather, both primarily eat 
smaller dipteran and mayfly larvae, and algal detritus which occurs 
abundantly in Yeau-sheng Stream. In this regard, both species differ 
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from the masu salmon which is known to feed chiefly on larger-sized 
insects, especially trichopterans and plecopterans (Ueno 1938). 
Among many lotie fishes, intraspecific microhabitat and diet 
segregation occurs between adults and juveniles (Moyle et al. 1982; 
Moyle and Vondracek 1985). Likewise, the two life stages of the 
kooye minnow in Yeau-sheng Stream are ecologically distinctive. 
Juveniles primarily occupy upper portions of the water column, 
grazing on filamentous algae, diatoms and detritus which collects 
under stream banks and behind boulders which provide cover for the 
fish. Although a statistically significant difference between 
juvenile and adult minnow diets only existed for Stigeoclonlum among 
organisms consumed, the ten other food groups consumed by adults were 
not eaten by juveniles (Table 1). This situation suggests that as 
minnows grow, they may selectively eat larger organisms, and may 
range closer to the bottom where they probably have access to a 
greater variety and abundance of insect food resources (Table 3). 
Seasonal Variation 
Yeau-sheng Stream is a highly dynamic environment influenced by 
natural and cultural factors (Wang 1989). During monsoonal and 
typhoonal rains, allochthonous organic and inorganic materials are 
washed into stream and torrential flows scour substrates of algae, 
periphyton and clinging invertebrates. These cyclic events regularly 
recharge the detrital energy base of the system and provides living 
space and nutrients for regrowth of plant and invertebrate 
communities during the dry season. As shown by Huang's (1987) 
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Table 3. Comparison of morphological features, food and feeding 
habits, habitat use, and trophic structures for minnow 
and loach adults 
Kooye minnow Tasseled-mouth loach 
Attributes V. barbatulus C. lacustre 
Body form Compressed fusiform Dorso-ventrally 
depressed 
Mouth position Subterminal Ventral 
Water type 

















attached algae (5%) 
Insects (48%), 
detritus (41%), 
















Feeding style Nipping Suction-grazing 
®Habitat use: see Wang (1989). 
^Described as % of total stomach contents volume. 
^Described as frequency of occurrence (%), see Table 1. 
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survey, aquatic insect abundance is generally depressed in summer 
months and tends to peak in late fall and early winter when stream 
flows are at base levels (Fig. 4). Based on monthly averages (N = 
12), there was a negative correlation between 1985-86 total insect 
abundance and local rainfall for that period (r = - 0.53, p = 0.07), 
which was a fairly typical precipitation pattern. Numerically, the 
insect community is dominated by baetid mayflies (73%) and dipterans 
(20%), chiefly Chironomus and Antocha. On the other hand, detrital 
materials, primarily derived from algae, are abundant year-around, 
particularly in slack-water areas in side channels, beneath undercut 
banks, and behind boulders, based on field observations. 
Both the minnow and the loach respond opportunistically in their 
dietary habits to seasonally changing food resources. In particular, 
their consumption of insects is closely associated with insect 
abundance. This is demonstrated by comparing their monthly diets in 
1987-88 with insect abundances measured by Huang in 1985-86. 
Although there were differences in discharge patterns between the two 
years which may have influenced insect abundance, positive 
correlations still exist between total insect consumption and 
presumed insect abundance: for loach r = 0.68 (p = 0.015, N = 12); 
for minnow r = 0.46 (p = 0.129, N = 12) (and compare Figs. 2, 3, and 
4). 
Similar opportunistic feeding patterns may apply to minor food 
resources of the species as well. For example, a peak of diatom 
consumption in April 1987 in both cases (Figs. 2, 3) suggests a 
response to a spring diatom bloom. Additional evidence is provided 
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by positive correlations between diatom consumption and dissolved 
phosphate concentrations in the stream water during 1987-88: for 
loach r = 0.71 (p = 0.01, N = 12), for minnow r = 0.53 (p = 0.07). 
Dissolved phosphate is often a limiting factor for algal growth, and 
it is likely that spring rains carry agricultural nutrients into 
stream, thereby stimulating algal and diatom growth (Wang 1989). 
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INSECTS: '85-86 
RAIN AVQ; 77-88 
RAINFALL: '85-86 











M A M J J A S 0 N D J F 
INSECTS: '85-86 21 31 121 83 308 151 35 31 316 1017 325 355 
RAINFALL: 85-86 163 141 57 299 39 260 261 260 33 55 50 ISO 








FIGURE 4. 1985-86 Insect abundance, rainfall, and ten-year 
(1977-1988) rainfall averages in Yeau-sheng Stream. 
Rainfall data are from Wu-ling Farm records. 
Insect data are from Huang (1987) 
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conclusions 
Recent agricultural modifications of Yeau-sheng Stream have 
probably improved habitat suitability for the kooye minnow and 
tasseled-mouth loach by increasing production of the primary food 
resources of both species: algae and algal detritus, and small insect 
larvae, especially baetids, chironomids, and simulids. Cyclical 
fluctuations of these food resources are chiefly determined by 
discharge events. During the wet season, algal detritus is maximally 
abundant and insect populations are depressed because of scouring 
torrential flows. During the dry season, stable low flows enhance 
insect production and growth of the algal colonies which later 
comprise most of the detrital mass. 
The minnow and the loach are both morphologically adapted for 
exploitation of these food resources. Although there is substantial 
trophic overlap between them, competition is minimized by the 
abundance of available food and differences in microhabitat 
utilization. The minnow is a habitat generalist which feeds 
predominantly on detritus and attached algae, opportunistically 
consuming insects when they are seasonally abundant. The loach is a 
habitat specialist for areas of fast flow. Within this microhabitat, 
it is truly omnivorous, taking a diet approximately balanced, 
volumetrically, between algal-detrital materials and insects. 
However, it preferentially seeks insects which are the bulk of its 
diet when insect populations are high. 
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MANAGEMENT IMPLICATIONS 
On the basis of findings from this study and previous 
investigations, the following 10-point program is recommended as an 
"Endangered Taiwanese Landlocked Masu Salmon Recovery Plan." 
Elements of the plan which have already been put into effect are 
noted with an asterisk (*) and the year of initial implementation. 
Endangered Taiwanese Landlocked Masu Salmon Recovery Plan 
GOAL: PROTECTION OF THE EXISTING STOCK OF SALMON FROM EXTINCTION 
AND USE OF IT TO REESTABLISH POPULATIONS THROUGHOUT THE 
SALMON'S ORIGINAL RANGE, TO THE EXTENT FEASIBLE. BY THE YEAR 
2000 
OBJECTIVES 
1. Establish a salmon recovery tern, enhance coordination of its 
efforts, and provide funding for research and management 
activities 
1.1 Organize R.O.C. Masu Salmon Recovery Program Committee 
with members from governmental agencies and academic 
institutions, including governmental policy-makers and law 
enforcement officials, aquatic ecologists and biologists, 
ichthyologists, fish culturists and pathologists, watershed 
managers, geomorphologists, forest hydrologists, hydraulic 
engineers, and local farm representatives *(1985) 
1.2 Establish phased cooperative research and management 
program, including procedures for regularly sharing 
information on knowledge gained from research and 
management activities *(1986) 
1.3 Establish mechanism for providing adequate funding from 
R.O.C. government agencies and private organizations to 
support research and management program 
1.4 Involve experts from other counties for assistance on 
various phases of the recovery plan *(1987) 
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2. Determine existing knowledge about masu salmon, Oncorhvnchus 
masou. from literature 
2.1 Conduct comprehensive literature search of knowledge on 
masu salmon from throughout the species' distributional 
range, with special attention to freshwater stocks by 1991 
*(1981) 
2.2 Summarize in report form life history, ecological, and 
cultural knowledge of the salmon, especially freshwater 
stocks, by 1992 •(1988) 
3. Assess the distribution, abundance, and habitat of the masu 
salmon and its biotic community associates In the upper Ta-chia 
River system 
3.1 Conduct environmental and biological surveys of the 
present refuge of the salmon and make historical 
assessment of the salmon's decline by 1990 *(1987) 
3.2 Conduct geological, hydrological, vegetative and cultural 
surveys of the Wu-ling Farm Watershed by 1991 
3.3 Conduct environmental and biological surveys of other 
stream systems which the salmon formerly occupied, 
including geological, hydrological, vegetative and cultural 
surveys of their watersheds, and evaluate each system for 
its potential for supporting reintroductions of the salmon 
by 1992 
3.4 Establish permanent biological and environmental 
monitoring program on the upper Ta-chia River system by 1993 
4. Determine if other remote mountainous areas of Taiwan contain yet 
unknown stocks of salmon 
4.1 Identify potential salmon habitat areas by computer-assisted 
search of geological, hydrological and environmental data 
bases in Taiwan by 1991 
4.2 Interview residents of areas with potentially suitable 
salmon habitat to determine the possibility of salmon there 
by 1992 
4.3 Conduct preliminary environmental and biological surveys 
of areas judged to be most likely suitable salmon habitat by 
1994 
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4.4 If new stocks of salmon are discovered, provide live fish 
to salmon culturists for development of hatchery stocks by 
1994 
4.5 Conduct detailed environmental and biological surveys of 
areas identified as the most promising sites for 
introduction of hatchery-produced salmon by 1996 
4.6 Take measures to protect all potential salmon introduction 
sites and their watersheds from human interference by 1997 
5. Determine and characterize the existing stock(s) of Taiwanese 
masu salmon 
5.1 Determine feasible methods for stock identification and 
measures of abundance with little or no sacrifice of fish 
by 1990 
5.2 Identify stocks in the upper Ta-chia River system and 
their abundance and describe characteristics of each by 1992 
*(1987) 
5.3 If any salmon are found elsewhere, identify the stocks 
and their abundance and describe characteristics of each by 
1995 
6. Protect existing and potentially suitable salmon habitat from 
adverse human activities 
6.1 Enact or enforce regulations which prohibit harvest of 
the salmon and harmful modifications of its habitat during 
the recovery period by 1990 *(1986) 
6.2 Hire local land stewards for overseeing the salmon 
habitat and informing law enforcement officials of 
violations of salmon protection regulations by 1990 or soon 
after any new stocks are discovered *(1986) 
6.3 Rigorously enforce all violations of salmon protective 
regulations continuously *(1988) 
7. Enhance existing habitat and renovate potentially suitable 
habitat within the salmon's native range by 1998 
7.1 Develop general land and water management guidelines and 
appropriate stream habitat improvement procedures by 1991 
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7.2 Develop specific habitat restoration plans for individual 
streams in the upper Ta-chia River system which are 
candidates for salmon reintroduction by 1992 
7.3 Implement habitat improvement plans in all streams, 
including control of land-use practices in affected 
watersheds, by 1998 
8. Culture salmon In hatcheries to provide stock for 
reIntroductions 
8.1 Establish cultural facility in upper Ta-Chia River system 
•(1984) 
8.2 Develop appropriate cultural methods, including breeding 
guidelines for maintaining the genetic integrity of the 
native stock(s) maintained in hatchery populations and 
procedures for maintaining natural behavioral traits by 
1990 *(1986) 
8.3 Establish computer-assisted database system for storing 
and analyzing information on all wild, hatchery-reared, and 
stocked salmon lineages by 1991 
8.4 Establish and implement procedures for routinely 
comparing morphological, physiological, and behavioral 
attributes of wild and hatchery-reared salmon stocks by 
1991 
8.5 Establish separate hatchery brood stock(s) for each 
natural stock of salmon identified by 1996 
8.6 Routinely monitor hatchery stocks for diseases and 
parasites and take appropriate measures to maintain healthy 
fish 
9. Re-introduce hatchery-reared salmon into streams within the 
salmon's historical distributional range 
9.1 Review previous studies on salmonid stocking in freshwater 
to determine appropriate stocking procedures including such 
considerations as size and number of fish, time of year, 
fish transportation and release techniques, by 1992 
9.2 Conduct experimental stocking in Chi-chia-wan Stream by 
1990, if hatchery-produced fish are available *(1988) 
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9.3 Evaluate survival and habitat utilization of experimental 
stockings in Chi-chia-wan Stream and interactions of stocked 
and wild fish by 1993 
9.4 Prioritize candidate streams for restoration based on 
information obtained from Objectives 4 and 5 projects and 
accomplishments of Objectives 7 and 8 projects by 1994 
9.5 Re-introduce salmon into other streams within the 
historical distribution range, following established 
priorities and using appropriate stocks by 1996 
9.6 Evaluate survival and condition of re-established 
populations annually for at least 5 years and make 
supplemental stockings as needed 
9.7 Enforce harvest and land-use regulations rigorously 
throughout this period 
9.8 Introduce salmon into any potentially suitable areas 
elsewhere only if there is failure to re-establish 
populations within the natural distributional range of the 
salmon by 2000 
Gain government-wide and public support for the salmon 
restoration effort 
10.1 Publish informational and progress reports on all phases 
of the recovery efforts and give these wide distribution 
throughout R.O.C. government offices, and take any other 
steps to assure executive and legislative understanding, 
cooperation and active support for the program *(1986) 
10.2 Publish articles in newspapers, magazines etc., prepare 
special informational brochures, make presentations to 
citizen and sportsmen's groups, and use radio and 
television to educate the public, especially those in the 
upper Ta-chia River area, to enlist their support for the 
recovery program *(1986) 
10.3 Incorporate information on the recovery effort in primary 
and secondary school environmental education programming as 
well as to higher education audiences 
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GENERAL SUMMARY 
The upper Ta-chia River system, in its original condition, 
provided unusually favorable environments for survival of the 
landlocked Taiwanese masu salmon and its community associates. This 
is attributable to a relatively low channel gradient and moderate 
climate. In recent decades, the Wu-ling Farm Watershed has been 
influenced by various human modifications, especially dam 
construction and agricultural development. The dams have contributed 
to water warming, have interfered with natural hydraulic sorting and 
distribution of substrate materials, and have blocked longitudinal 
movement of fishes. Agricultural operations of land clearing, stream 
channelization, and application of chemicals to cropland have 
resulted in more extreme discharge fluctuations and generally 
degraded water quality, particularly warmer water temperatures, 
increased sediment load, and eutrophication. The fruit orchards of 
Wu-ling Farm have had much less environmental impact than private 
row-crop agriculture in the Yeau-sheng valley. 
The distribution of aquatic algae reflects environmental 
differences between the area's streams. In more natural reaches, 
moderate growth of typical cold-water forms occur. In the 
channelized reach of Yeau-sheng Stream, there is limited algae, due 
to paucity of suitable substrate and, perhaps, elevated water 
temperature. In nutrientrenriched downstream reaches, massive 
growths of pollution-tolerant forms occur. Previous research on the 
aquatic insect fauna of the area exhibits a similar pattern of 
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responses to environmental differences between streams. 
The simple fish community of the streams is spatially 
distributed according to differential species responses to local 
habitat features, particularly flow and temperature conditions, 
substrate, and food resources. The range of the masu salmon has 
become restricted in the past half-century because of 
overexploitatlon, population fragmentation by dams, and other habitat 
deterioration caused by landslides and agricultural impacts. Today, 
its distribution is primarily limited to a 6-km reach of 
Chi-chia-wan Stream and lower most Hseuh-shan Stream. The cold-water 
salmon requires gravel-bottomed runs for spawning but juveniles and 
adults are chiefly associated with extended pools having instream or 
riparian cover, and an abundant insect food resource. 
The kooye minnow is the most widely distributed fish species in 
the area. It is maximally abundant in eutrophic pools and riffles, 
in areas of undercut bank or boulder cover, and where water 
temperature is cool to cold in summer. The minnow feeds primarily on 
algal detritus but takes small Insect larvae opportunistically. 
The Taiwanese tasseled-mouth loach occurs primarily in 
agriculturally-modified lower Yeau-sheng Stream. Its principal 
habitat associations are with eutrophic, boulder rapids and cool to 
warm water. It is a benthic omnivore, feeding on algae, detritus and 
selected aquatic insects, especially larval midges, blackflies and 
mayflies. 
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The stream goby has a very restricted distribution in rapids of 
lower Yeau-sheng Stream. This population occurs at the highest 
altitude known for the species, and may have become geographically 
isolated by Pleistocene orogeny, along with the masu salmon stock. 
There is no evidence that the salmon is detrimentally affected 
by any of its three ichthyofaunal associates, however, its future 
survival could be imperiled by naturally occurring landslides, the 
existing dams, and any expansion of row-crop agriculture on the upper 
Ta-chia River watershed. Wu-ling Farm operations are generally 
conducive to protection of the salmon's remaining habitat. A 
restoration and management program for the salmon should include 
continual monitoring of the population's condition, additional 
biological and ecological research, public education, protection 
against poaching and additional habitat degradation, habitat 
restoration, and reintroductions into streams within the salmon's 
original distributional range. 
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APPENDIX A. MAP OF UPPER TA-CHIA RIVER WATERSHED, TAIWAN 
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APPENDIX B. 1897-1975 TYPHOON PATHS: 78-YEAR SUMMARY 
(modified and redrawn from ROC Water Resources 
Planning Commission 1977) 
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APPENDIX C. PROFILE OF 15 PRINCIPAL RIVERS, TAIWAN 
(modified and redrawn from Shih et al. 1987) 
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